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RELATIONSHIPS  OF  COTTON  FIBER  PROPERTIES  TO  STRENCxTH 
AND  ELONGATION  OF  TIRE  CORD 


By  Robert  W,  Webb,  principal  cotton  technologist,  and  Howard  B.  Richardson, 
associate  cotton  technologist.  Cotton  and  Fiber  Branch 

SU1.1MRY  AND  CONCLUSIONS 


This  report  completes  the  second  segment  of  a  broad  study  on  the  re- 
lationships of  cotton  fiber  properties  to  manufacturing  performance  and  to 
the  quality  of  manufactured  products.    The  findings  represent  377  case- 
historied  American  upland  cottons  grown  in  duplicate,  or  754  individually 
tested  cottons,  covering  a  wide  range  of  growth  conditions  and  fiber  proper- 
ties • 

To  understand  and  evaluate  better  the  analyses  and  findings  reported 
in  this  paper,  reference  should  be  made  to  the  publication  entitled  '^rela- 
tionships Between  Properties  of  Cotton  Fibers  and  Strength  of  Carded  Yarns," 
the  first  report  of  this  series.    Detailed  information  is  given  there  as  to 
the  samples;  fiber,  yarn,  and  spinning  tests j  statistical  methods,  terms, 
and  measures;  and  the  interrelationships  occurring  between  various  pairs  of 
the  fiber  properties , 

The  fiber,  yarn,  and  cord  tests,  and  the  spinning,  plying,  and 
cabling  processes  were  performed  by  standardized  methods  under  controlled 
atmospheric  conditions , 

By  using  multiple,  partial,  and  simple  correlation  analyses,  compre- 
hensive studies  have  been  made  of  the  relationship  and  the  contribution  of 
a  number  of  cotton  fiber  properties,  separately  and  in  various  combinations, 
to  the  strength  of  Zz/b/z  carded  tire  cord,  to  the  percentage  of  elongation 
of  such  tire  cord  at  the  lO-pound  load,  and  to  the  percentage  of  elongation 
at  the  point  of  rupture • 

The  fiber  properties  included  are  upper  quartile  length,  coefficient 
of  length  variability,  strength,  fineness,  percentage  of  mature  fibers,  and 
grade*    Ifean  fiber  length  and  staple  length  also  have  been  considered  in 
connection  with  tire-cord  strength. 

A  coefficient  of  multiple  linear  correlation  of  0.920  has  been  found 
for  the  relationship  existing  between  the  strength  of  the  tire  cord  and  the 
six  collective  fiber  properties.    This  is  relatively  high,  84.6  percent  of 
the  total  variajice  in  the  tire-cord  strength  of  these  cottons  being  accounted 
for  by  the  fiber  properties  considered. 
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Essentially  the  same  high  oorrelation  has  bean  found  for  the  rala* 
tionship  betirean  the  tire*cord  strength  and  "Uie  four  oollectlTe  fiber  proper- 
ties of  strength^  fineness^  ooeffioient  of  length  variability «  and  grade  as 
vas  obtained  with  the  six  fiber  properties  •    Die  total  yariance  in  tire-*oord 
strength  explainable  by  those  four  fiber  properties  is  84*5  peroent. 

With  other  coobinations  of  fiber  properties,  the  ooeffioients  of  cor* 
relation  are  less  and  the  amount  of  explainable  rarianoe  in  tire«oord  strength 
is  reduoed* 

The  results  of  simple  correlation  analyses  indicate  relatiTely  low  or 
poor  correlation  betireen  any  one  of  the  fiber  properties  and  tire*oord 
strength*    The  fiber  properties,  howrerer,  rary  considerably  in  this  particular* 

The  fiber  properties  rank  in  order  of  importance  to  tire-odrd  strength , 
as  folloirst    Fiber  strength,  coefficient  of  length  rariability,  grade  of 
cotton,  fiber  fineness,  percentage  of  mature  fibers,  and  upper  quartile 
length*    The  contribution  of  the  percentage  of  mature  fibers  and  of  upper 
quartile  length  to  tire*oord  strength  is  statistically  insignificant* 

When  expressed  in  practical  units  of  measure,  as  based  on  the  six 
fiber-property  equation,  tiie  arerago  effect  of  change  in  each  fiber  property 
on  the  strength  of  2s/5/8  tire  cord,  fdiile  ^e  other  fiber  properties  are 
held  constant,  has  been  found  to  be  as  follows:    Lowering  the  grade  of  cot- 
ton by  one  grade,  decreases  t^  strength  of  28/5/8  tire  cord  by  0.80  pound i 
an  increase  of  1/32  inch  in  upper  quartile  length,  causes  no  significant 
change  in  such  cord  strength i  an  increase  of  1  percent  in  the  coefficient 
of  length  Tariability,  decreases  the  cord  strength  by  0*23  pound;  an  in- 
crease of  1  microgram  per  inch  in  fiber  weight,  decreases  the  cord  streng^ 
by  0*76  pound  (the  coarser  the  fiber,  the  weaker  the  oord)i  an  increase  of 
1  percent  in  the  percentage  of  mature  fibers,  produces  practically  no  effect 
on  the  oord  strength;  and  eui  increase  of  1,000  pounds  per  square  inch  in 
fiber  strength,  inoreases  the  oord  strength  by  0*ld  pound* 

The  foregoing  results,  expressed  in  another  manner,  show  that  an 
increase  of  1  pound  in  the  strong^  of  Zz/s/z  tire  oord  follows  by  raising 
the  grade  of  cotton  by  8*l/4  stepe;  by  decreasing  the  coefficient  of  length 
variability  by  4.42  percent;  by  decreasing  tdie  fiber  weight  per  inch  by 
1*32  micrograms  (the  finer  -the  fiber,  the  stronger  the  cord);  or  in- 
creasing the  fiber  strength  by  5,600  pounds  per  square  inch* 

Teenty-three  regression  equations  have  been  developed  from  which 
estimated  strength  of  23/5/8  tire  oord  may  be  predicted  on  the  basis  of  one 
or  more  fiber  properties*    Hie  precision  of  eaoh  of  these  equations  is  re- 
ported, togetiier  with  the  coefficients  of  correlation  and  determination* 

The  best  estimating  equation  is  that  involving  all  six  fiber  proper- 
ties*   This  equation  has  a  precision  indicating  that,  in  two-thirds  of  ,the 
cases,  the  estimate  can  be  expected  to  be  within     0*78  pound  of  the  actual 
cord  strengtii*    Ihe  result  compares  with     1*21  pounds  for        best  one 
fiber-property  equation  involving  fiber  s^ength* 


kB  shown  by  the  results  from  analyses  involving  fewer  than  six  fiber 
properties^  grade  of  cotton,  percentage  of  nature  fibers,  and  upper  quartile 
length  siay  be  omitted  from  the  regression  equation  without  any  appreciable 
loss  of -accuracy  of  estimates  or  predictions* 

Supplementary  equations  have  been  derived  from  analyses  of  the  25 
shortest  cottons  in  the  series,  the  25  longest,  and  the  80  having  practically 
equal  fiber  strength,  in  an  effort  to  study  further  the  effect  of  fiber 
length  on  the  strength  of  tire  cord*    The  results  obtained  confirm  the  pre- 
vious findings,  namely,  that  fiber  length  is  of  little  or  no  importance,  as 
such,  to  tire-cord  strength*    It  should  be  emphasised,  hosrever,  that  as  a 
practical  matter,  fiber  length  as  determined  by  laboratory  methods  and,  more 
particularly,  staple  length  as  designated  by  the  classer  provide  an  essential 
basis  for  the  selection  of  cottons  to  meet  the  requirements  of  specific  roll 
settings  and  drafts  in  manufacturing  organisations.    In  addition,  staple 
length  serves  as  a  useful  basis  for  the  selection  of  cottons  for  tire  cord 
and  other  uses  because  of  the  fact  that  other  fiber  properties^  such  as 
fiber  fineness  and  tensile  strength,  are  generally  associated  with  fiber 
length* 

In  the  light  of  the  evidence  presented^  it  would  appear  that  the  "ply* 
and  oabled*  construe ti^  of  tire  cord  gives,  in  effect,  continuity  to  the 
cotton  fibers  composing  it  and  thereby  eliminates  practically  any  opportunity 
for  fiber  lengths,  per  se,  to  make  an  appreciable  contribution  to  the 
strength  of  tire  oord^  as  in  the  case  with  single  cotton  yams«   When  an  in- 
crease in  tire-cord  strength  accompanies  an  increase  in  upper  quartile  length 
or  staple  length,  as  frequently  is  the  case,  it  is  due  to  an  associated  in- 
crease in  fiber  fixieness  or  fiber  strength^'or  hoUi,  rather  than  to  tiie 
increase  in  fiber  length  itself* 

Vone  of  the  equations  involving  separate  fiber  properties  gives  esti- 
mates of  tire-cord  strength  precise  enough  to  put  much  reliance  in  results 
obtained  on  the  basis  of  any  one  fiber  property  alone* 

The  equations  reported  in  reference  to  the  strength  of  23/5/5  tire 
cord  are  based  on  methods  of  either  linear  multiple  or  sii^le  correlation 
analyses*   However,  the  interpretations  made  are  considered  reliable «  since 
studies  involving  methods  of  curvilinear  correlation  analyses  failed  to 
reveal  any  improvement  over  the  high  correlation  (R  z  0*920}  found  by 
regular  linear  correlation  methods  to  exist  between  tire-cord  strength  and 
the  fiber  properties  considered* 

A  relatively  hi|^  positive  correlation  has  been  found  to  exist 
between  the  strength  of  tire  cord  and  the  skein  strength  of  2Ss  single 
earded  yams^  representing  the  respective  cottons  spun  with  optimum  twist 
multipliers  in  relation  to  their  staple  lengths*    The  coefficient  of  eorre- 
laticB  is  4>  0*897,  and  80  percent  of  the  total  variance  in  the  tire-cord 
strength  from  this  series  of  cottons  may  be  explained  by  yam  strengths 
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An  equation  is  glren  for  estimating  the  strength  of  tire  cord  from 
only  a  knowledge  of  the  strength  of  single  yarn«    The  equation  indioatee 
that  an  increase  of  1  pound  in  the  strength  of  238  yarn  increases  the 
strength  of  23/5/3  tire  cord  by  0,123  pound  or  approximately  l/s  pound* 
On  the  basis  of  the  standard  error  for  this  equation^  the  estimated 
strengths  of  such  tire  cord  would  be  expected  to  fall  within  ••>  0*87  pound 
of  the  actual  values  in  two-thirds  of  the  cases •  ~" 


A  coefficient  of  multiple  linear  correlation  of  0»679  has  been  found 
for  the  relationship  between  the  percentage  of  tire-cord  elongation  at  the 
10-poxmd  load  and  the  six  fiber  properties  considered.    This  is  relatively 
low,  only  46  percent  of  the  total  variamoe  la  this  tire-cord  elongation 
being  explained  by  the  fiber  properties  • 

About  as  high  a  correlation  has  been  found  for  the  relationship 
between  the  tire-oord  elongation  at  the  10-pouad  load  and  the  two  fiber 
properties  of  fineness  and  strength,  as  was  obtained  with  the  six  fiber 
properties* 

The  results  of  simple  oorrelAtiom  analyses  Indloate  relatively  low 
or  poor  correlation  between  any  one  of  the  fiber  properties  and  tire«oord 
elongation  at  the  10-poxmd  load*    Itiree  of  ^tihe  six  simple  ooeffleleats  are 
statistically  insignificant,  namely  those  for  percentage  of  mature  fibers, 
grade,  and  coefficient  of  length  variability* 

According  to  the  partial  eorrelation  eoefflelents,  only  two  fiber 
properties  significantly  affect  tlre-oord  elongation  at  the  10-pouad  load* 
Ranked  la  order  of  Importaace  they  are  fiber  strength  and  fiber  fineness* 

Similar  studies  have  been  made  of  iiie  percentage  of  elongation  of 
tire  oord  at  the  point  of  rupture  in  relation  to  the  fiber  properties*  The 
over-all  correlation  Is  a  little  less  than  that  at  the  10-pound  load* 

According  to  the  partial  correlation  ooeffiolents,  four  fiber  prop- 
erties significantly  affect  tire-cord  elongation  at  the  point  of  rupture* 
Listed  in  order  of  importance,  they  are  as  follows s    Fiber  strength,  fiber 
fineness,  coeffioient  of  length  variability,  and  grade* 

Although  the  correlation  ooeffiolents  based  on  linear  relationships 
between  the  six  fiber  properties  and  tlre-oord  elongation  at  the  10-pound 
load,  as  well  as  at  the  point  of  rupture,  are  relatively  low,  no  indloation 
of  any  higher  values  was  obtained  when  curvilinear  analysis  was  applied  to 
the  data* 

In  the  light  of  the  findings  obtained,  it  would  appear  that  tlre- 
oord  elongation  is  due  either  to  some  one  or  more  fiber  properties  not 
considered  in  these  analyses  -  as  fiber  elongation  and  elastlolty  -  or 
else  that  elongation  is  more  a  function  of  the  oonstruotion  of  tire  oord 
than  it  is  of  fiber  properties* 

A  fairly  high  positive  relationship  has  been  found  to  exist  between 
the  two  elongation  measures  of  23/5/s  tire  oord,  Ihe  coefficient  of  simple 
correlation  being  ♦  0*871 • 


A  saall  bat  slgnifioftnt  negatir*  relationship  oeourr«d  betiman 
the^  fltrength  of  this  tir«  oord  and  pereontage  of  elongation  at  the  10- 
pound  load.   An  insignifioant  positiTe  relationship^  however,  appeared, 
betireen  tire--oord  strength  and  elongation  at  Ihe  point  of  rupture* 

Eaoh  increase  of  1  percent  in  tire*oord  elongation  at  the  10-pound 
load  is  associated  with  a  reduction  of  0»58  pound  in  tire-oord  strength; 
and  eaoh  increase  of  1  percent  in  the  tire-cord  elongation  at  the  point 
of  rupture  is  associated  with  an  increase  of  onlj  0,06  pound  in  tire -cord 
strength. 

Correlation  analyses  rereal  an  insignificant  negatire  relationship 
between  tire -cord  elongation  at  the  10-pound  load  and  skein  strength  oif 
23s  carded  single  yams,  representing  the  re  spec  tire  cottons  spun  with 
optimuB  twist  in  relation  to  their  staple  lengths.    On  the  other  hand^  a 
saall  positire  but  significant  relationship  has  been  found  to  exist  be- 
tween tire-oord  elengatien  at  the  point  of  rupture  and  the  strength  of 
such  singles  yam. 

In  considering  the  equations,  statistical  ralues^  and  oonolusions 
presented  in  this  paper,  it  should  be  understood  that  the/  refer  only  to 
one  construotitn       tire  eerd,  naaely  Zi/b/z,  and  only  to  Aasrioan  upland 
eottons*   Ihat  the  results  would  be  from  siailar  analyses  with  other  oon- 
structions  of  tire  cord,  of  which  there  are  aany  raried  and  specialised 
typos,  or  with  other  growths  of  cotton,  is  probleaiatioal. 
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In  the  first  report  of  this  series  L^^  multiple  liaear  correlation 
ooeffioients  of  0*953  and  0.936  were  reported  for  the  relationships  exist- 
ing between  six  cotton  fiber  properties  smd  the  skein  strangid:!  of  22s  and 
60s  oarded  yarn,  representing  a  large  nunber  and  wide  range  of  Anerioan 
upland  oottone*    The  six  fiber  properties  aooounted  for  87  percent  of  the 
total  Tarianee  in  the  strength  of  the  22s  3rarn  and  88  percent  in  that  of 
the  60s  yarn,  thus  leaving  only  12  or  15  percent  of  the  yam  strength 
variance  as  unexplainable  by  the  fiber  properties  studied  cmd,  presumably, 
as  largely  attributable  to  other  fiber  properties.   With  both  counts  of 
yarn,  fiber  strength  ranked  first  in  importance  to  yam  strength,  followed 
in  order  by  coefficient  of  length  variability,  upper  quartile  length, 
fineness,  grade,  and  percentage  of  mature  fibers. 

As  in  the  case  of  yarns,  precise  information  is  needed  on  the  quan- 
titative relationships  of  cotton  fiber  properties  to  strength  as  well  as 
to  elongation  of  tire  cord*    More  particularly,  there  is  need  to  knows 
How  much  correlation  actually  occurs  botween  fiber  properties  and  eaoh  of 
those  tire-oord  properties?   Which  fiber  property  is  the  most  important 
to  the  tire-cord  properties  and  irtiich  one  is  the  least?   What  is  the  rank 
of  importance  for  the  other  contributing  fiber  properties?    Is  the  order 
of  importance  of  the  fiber  properties  the  same  for  both  tire-oord  strength 
and  elongation,  or  is  it  different?   Are  the  relationships,  rank  of  im- 
portance, and  number  of  significantly  contributing  fiber  properties  the 
same  with  tire-oord  elongation  at  the  10-pound  load  as  at  the  point  of 
rupture,  or  are  they  different?   And,  how  do  these  fiber-property  ranks 
in  reference  to  different  tire-oord  properties  compare  with  those  for  Hm 
strength  of  22s  and  608  oarded  yam  made  from  the  same  cottons? 

As  a  means  of  providing  answers  to  such  questions,  correlation 
analyses  have  been  made  of  t^e  data  representing  the  same  series  of  American 
upland  cottons  as  was  done  in  the  previous  study  with  respect  to  yam 
strength* 

SAMPLES,  TESTS,  AND  ANALYSES 

The  basic  data  used  in  the  statistical  analyses  in  this  report  were 
obtained  through  extensive  Federal-State  cooperative  effort.    The  principal 
agencies  cooperating  in  this  study  provided  the  samples  and  basio  data  in- 
volved, as  well  as  assistance,  as  follows t    The  Bureau  of  PlanA  Industry, 
Soils,  and  Agricultural  Engineering  selected  the  varieties  and  growth  loca- 
tions ,  and  produced  and  ginned  all  samples •    Ihe  various  Southem  State 


l/  *%elationships  Between  Properties  of  Cotton  Fibers  and  Strength 
of  Carded  Tarns,**  by  Robert  W.  Webb  Bsd  Howard  B*  Richardson,  Cotton  and 
Fiber  Branch,  U8DA  and  WPA»  pp.  58,  March  1945*  (Processed.) 


•xperlMnt  •tationa  and  lubstations  oooperatad  in  ••ttiag  up  the  fiold 
work  and  in  the  prodaetion  of  the  eottons  •    Iho  Cotton  and  Fiber  Branoh 
of  the  Offio«  of  Marketing  Sorrioos,  laboratorioa  of  iriiioh  are  oporatod 
Jointly  with  tho  Buroau  of  Plant  Induitr/^  Soils «  and  Agrioultural  Xngi- 
aooriagf  tho  Agrioultoral  and  Moohanioal  Collago  of  Htxai^  and  l^o  Cloaaon 
A^ioultural  Collogo  of  South  Carolina^  conduoted  the  apinning  and  fibor 
toata. 

For  a  battar  imdoratanding  and  oraluation  of  tho  aaal/aaa  and  find* 
ingt  hora  reported ,  referenoe  to  the  firat  report  of  thia  aeriea  will  be 
helpful  Zj »   It  eontaiaa  aore  eoaplete  details  and  literature  oitationa 
than  here  glToa  with  reapeet  to  the  rarietiea^  aaa^lea,  and  growth  looa* 
tiona  repreaentedi  the  aethoda  and  oonditiona  used  in  aaklng  the  fiber  ^ 
apinning^  and  yam  teatai  and  the  aelhodSf  teras,  aeasures^  and  soatter 
diagraae  uaed  in  the  atatistioal  analyses*    Inforaation  also  is  giren  la 
the  first  report  on  the  interrelationships  existing  between  the  rarious 
fiber  propertiea^  aa  rerealed  by  Ihe  eorre la tion  ralues  reported  for  the 
16  pairs  of  fiber  properties  aonsidered*   Those  data  are  of  baaio  interest 
to  the  interpretations  in  this  report* 

Included  in  the  prerious  study  with  22s  and  60a  oarded  warp  yam 
aanufaotured  froa  eottons  of  the  saae  series «  were  884  STerages  of  dupli- 
eate  lots,  representing  766  iadiridually  tested  oottons^   ▲  slightly 
saaller  nuaber  of  oottons  and  aTerages,  hoverer,  had  to  be  uaed  in  the  tire* 
cord  study,  because  the  saaple  of  eotton  was  too  saall  in  14  indiridual 
oases,  or  7  duplicate  lota,  to  perait  the  aanufaoture  of  tire  cord. 

In  addition  to  the  soToral  counta  of  yarn,  repreaenting  the  optiaua 
twist  for  a  particular  staple  length  and  prerious ly  reported  for  eaoh  oot* 
ton  of  the  series,  ^  a  23a  yarn  with  a  constant  twist  aultiplier  also  was 
spun.  With  this  yarn,  aaaples  of  tire  cord  were  aade  according  to  ^e  ASTM 
atandard  specifications      idiich  were  in  existence  at  "ttie  tiae  of  the  tests 
and  which  were,  in  reference  to  construction  and  cotton,  as  follows t  *The 
cord  shall  be  that  known  in  the  trade  as  23/5/s  construction*    Ihe  actual 
aiie  of  the  single  yarn  ahall  be  so  adjuated  as  to  giro  the  finished  sise 
of  the  cord  specified*    These  specifications  are  based  on  cord  aade  froa 
Aaeriban  Middling  cotton  of  good  hard  character  with  a  staple  length  of 
1-1/16  inches*   Tarns  shall  be  single  carded** 


See  footnote  \/ ,  p«  6* 
^  See  footnote  l/,  p*  6* 

k/  i&Tik  Staadarda  on  Textile  Materials*   Standard  Specifications  for 
2s/5/s  Carded  Aasrican  Tire  Cord*   D298-29,  prepared  by  Coaaittee  D^IS, 
pp*  127-129,  Sapt*  1937*    (Published  and  issued  annually  by  the  Aaeric^ 
Society  for  Testing  Materials,  Philadelphia,  Pa*)   Wotes    Theae  specifica- 
tions, acre  recently,  hare  been  deleted  froa  the  publication  cited* 


▲eoordingly^  the  yarns  ui«d  in  the  manufacture  of  this  tire  ooi*d 
were  epun  with  a  constant  twist  multiplier,  namoly  4*0,  whioh  our  spinning 
results  hav#  shown  to  gire  maximum  yam  strength  for  oottons  in  the  range 
of  the  staple  length  designated  in  the  specifioation«    The  final  net 
figures  regarding  the  other  twists  employed  in  the  manufacture  of  this 
tire  oord  are  as  followst    Ply«yam  (eomposed  of  five  strands  of  23s  single 
yam),  16  turns  per  inch  in  the  sasis  direction  as  the  twist  in  the  single 
yams  I  oord  (eomposed  of  three  S-ply  yams),  ei^t  turns  per  inch  in  the 
opposite  direction  from  the  twist  in  the  ply  and  single  yams* 

Laboratory  tests  were  made  en  the  tire  eord  as  followst  Strength, 
elongation  at  the  10-pound  load,  elongation  at  the  point  of  rupture,  yards 
per  pound,  gage,  and  moisture  determinations  •    Twist  measuremsnts  on  the 
ply,  as  well  as  on  the  cable  material,  were  made  on  each  sample  mainly  as 
a  control  measure.   All  tests  on  the  cord  were  conducted  in  accordance 
with  standard  methods  in  existence  at  the  time,  whererer  such  standards 
applied,  as  described  in  an  AS TM  publication  on  this  subjeet,  ^  and  under 
standard  atmospherie  conditions  of  66  percent  relative  humidity  and  a 
temperature  of  70®  F. 

The  machine  used  in  determining  the  strength  and  elongation  of  the 
tire  eord  was  a  standard  Single  Strand  Tester  of  the  pendulum  type, 
equipped  with  special  cam  o lamps  •    The  tester  had  a  capacity  of  26  and  60 
pounds,  but  only  the  25-pound  capacity  was  used  for  these  tests •  The 
lower  ^aws  moved  at  a  speed  of  12  inches  per  minute. 

The  solid  cylindrical  snubbing  surfaces  of  the  clamps  were  one-half 
inoh  in  diamster  and  so  arranged  as  to  permit  the  application  of  an  initial 
tension  of  4  ounces  on  the  test  specimen.   A  starting  load  of  4  ounces  con- 
stitutes a  very  small  wei^t,  barely  sufficient  to  take  the  kinks  out  of 
the  test  specimen. 

Twenty-five  tests  were  made  for  each  lot  of  cotton  and  the  averages 
so  obtained  were  taken  to  represent  the  tire-eord  strength  and  elongation 
for  a  particular  ootton.    The  length  of  the  test  specimen  was  10  inches 
in  all  oases.   Strength  and  elongation  tests  were  made  simultaneously  en 
the  same  speeiasn,  elongation  reading*  being  made  from  an  autographic  chart 
at  the  10-pound  load  and  at  the  point  of  tire-cord  rupture. 

The  peroentage  of  tire-cord  elongation  at  the  10-pound  load  was  eal- 
eulated  by  dividing  the  streteh  of  the  cord  in  inches  at  that  load  by  10 
inches,  or  the  original  length  of  sample  between  the  "bite*  of  the  clamps 
of  the  strength-testing  machine,  and  multiplying  the  quotient  so  obtained 


^  ASTIf  Standard*  on  Textile  Materials  •   Standard  Methods  of  Testing 
and  Tolerances  for  Tire  Cord,  Woven  and  on  Cones.    D179-SS,  prepared  by 
CoBodttee  D-IS,  pp.  117-126,  Sept.  19S7.    (Published  and  issued  annually  by 
the  American  Society  for  Testing  Materials,  Philadelphia,  Pa.) 
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hy  100  0    The  tftnt  prooedura  w9lb  used  in  oaleulating  the  tire-oord  elonga- 
tion at  the  point  of  rupture,  the  only  difference  being  that  the  etreteh 
at  the  break  of  the  oord  vat  used* 

UkTk  USED  IV  SUTISTIGAL  AIULLTSSS 

Ihe  extent  to  irtiioh  the  eottons  uaed  in  this  study  Tsried  in  their 
■easureable  fiber  and  tire-cord  properties  is  rsTealed  by  the  data  suBBa- 
rixed  in  table  1*  It  will  be  noted  that  the  fiber  properties  eorer  rela- 
tiTely  wide  ranges,  insofar  as  i^riean  t^pland  cottons  are  concerned* 

It  also  is  of  interest  to  note  Ihe  ocsqMiratiTely  wide  ranges  of 
tire-cord  strength  and  elongation  furnished  by  these  cottons  •   For  a 
standard  construction  of  2S/6/s  earded  tire  cord,  such  ralues  giro  eridence 
of  the  influence  orer  a  re  la  tiTely  wide  range  of  naay  ccabinations  of  fiber 
properties  in  the  raw  cottons  frcm  idiiefa  the  tire  cords  were  oanuf aotured • 

Qaisslon  of  the  seren  duplicate  lots  of  cotton,  preriously  nentioned, 
failed  to  cause  any  significant  disturbance  in  the  values  for  the  range, 
■ean,  and  frequencies  of  the  respectiTO  fiber  properties,  as  ccsipared  with 
those  for  the  entire  series  of  884  arerages*    Therefore,  insofar  as  the 
fiber  properties  are  concerned,  direct  cooparison  of  the  findings  presented 
herein  for  strength  and  elongation  my  be  nade  with  those  preriously  re- 
ported      for  strength  of  single  yams  • 

In  ooBparing  the  findings  pertaining  to  the  fiber-cord  relationships 
with  those  concerning  fiber-jram  relationships,  howerer,  sobs  caution 
should  be  exercised  because  of  a  lack  of  precisely  conparable  conditions 
in  the  two  cases,    lhat  is,  the  single  yams  previously  reported  were  aanu- 
factured  with  a  tirist  aultiplier  which,  in  relation  to  the  staple  of  its 
raw  cotton,  g&^o  wsyiMuii  yam  strength*    On  the  other  hand,  the  yams  that 
composed  the  tire  cord  were  all  manufactured  with  a  constant  twist  wulti- 
plier,  nanely  4*0,  regardless  of  staple  length.    These  details  and  possible 
effects  will  be  considered  further  in  the  Discussion* 

For  conrenience  in  presentation,  grade  is  referred  to  as  a  fiber 
property*    Grade,  honerer,  is  not  a  separate  fiber  property  in  the  accepted 
technical  sense  of  fiber  length  or  fiber  strength* 

RSIJLTI0BSHIF8  BETKSSN  SSUBHOIH  OF  TIRB  CORD  AID  YiRIGVS 
COUBIHATIOBS  OF  FIBER  PROPERTIES 

In  order  to  nsasure  and  express  the  fiber-cord  property  relationships, 
it  is  necessary  to  derelop  a  series  of  regression  equations  in  systenatic 
nanner*    Ihe  nultlple  regression  equations  that  have  been  dereloped,  repre- 
senting six  fiber  properties,  will  be  considered  firsti  they  will  be  fol- 
lowed in  order  by  the  equations  representing  certain  combinations  of  5,4, 
8,  and  2  fiber  properties*    These  equations  are  listed  in  table  2,  and  are 


6/  See  footnote  l/,  p.  6. 
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raak«d  aooording  to  ihmir  d«or«atliig  oo«ffiol«ntt  of  oorr«Xatioo  and  in- 
er«asing  standard  arrora  of  aatiaata*    lha  ooafflaianta  of  datamination, 
aa  wall  aa  tba  atandard  •rrarM  aaaoeiatad  with  iha  diffarant  aoaffialanta^ 
al,ao  ara  ahoan  in  tha  tabulation* 

Six  fibar  propartiaa.   Qua  aquation  haa  baan  davalopad  for  aiz 
f  ibar  propar tiaa «  naaaly  ^ 

(1)  s  16.55-.80ax-.226][2~*^^^8**'^6^*«01U85^.17SX6      ^  0.78 

Ihara      «  Gk*ada  of  ootton,  \j  n»bar 

Z2  s  Uppar  quartila  langth,  in  inohaa 
Zg  a  Coaffioiant  of  langth  variability,  in  paraant 
Z4  a  Finanasa  of  fibar,  in  aiorograna  par  inoh 
Z55S  fliroantaga  of  mtura  fibara 

a  Fibar  tanaila  atrangtb  in  1,000  pouada  par  aquara  inoh 
z|ga  SatiiAtad  atrangth  of  25/6/8  eardad  tira  eord^  in  pounda 

By  inapaotion,  or  by  aubatituting  tha  naan  Talna  for  any  raapaotiTo 
fibar«*propar^  ayabol,  it  oan  raadily  ba  aaan  that  fibar  langth  and  par- 
aantaga  of  natora  fibara  hara  only  a  aoall  affaot  on  tha  aatiaata*  Iha 
atandard  arr or,  ♦  0«7e  indiaataa  that,  in  about  t»o*thirda  of  Iha  aaaaa, 
tha  oord  atranglE  amy  ba  aatinatad  within  thia  amount*   Ihia  ooaparaa  with 
a  atandard  arror  of     1.21  for  tha  baat  aatiaating  aquation  imrolTiag  ana 
fibar  proparty,  naaaXy  atrangth. 

Iha  eoaffioiant  of  oorralation  for  aquation  (1)  ia  0*920  and  tha 
ooaffioiant  of  datamination  ia  .0*846*   Iha  lattar  figura  ladiaataa  that 
66  paroant  of  tha  varianoa  in  auoh  oord  atrangtha  ia  aooountad  for  by  thaaa 
aiz  fibar  propartiaa  •   Ihia  raatilt  oeaparaa  with  87  paroant  whan  tha  aaaa 
aix  fibar  propartiaa  for  tha  laaa  of  eottona  ara  oonaidarad  in  aon* 

aaotion  with  22a  yam  atrangth  j/*  ^i^F  at^^angth  ia  oonaidarad 

ittraiapla  aorralation  analyaia,  tha  ooaffioiant  of  datamination  with  ra- 
apaot  to  tho  ttrongth  of  thia  tira  oord  ia  0*626,  indioating  that  68  par« 
oant  of  tha  rarianoa  in  aord  atrangth  ia  aooountad  far  by  thia  fibar  prop* 
arty  or  tha  ena  whioh  ranks  first  in  laportaaoa  to  aord  atrangth* 

Fiva  fibar  propartiaa.   Oorralation  analysas  bataaan  six  ossdiiaa** 
tions  Of  flTa  ribar  propartiaa  rasultad  in  aquationa  (2),  (8)«  (4),  (6), 
(6),  and  (7)*   (Saa  tabla  2*)   lhasa  six  aquations  ra^aal  in  a  praatiaal 
way  tha  ivportanoo  of  tha  aaparata  fibar  propartiaa  sinoa  thay  aeapara  tha 
raapaotiva  standard  arror  asseoiatad  with  ttia  onission  of  aaah  fibar  prop- 
arty  idth  tha  atandard  arror  found  for  iho  sis  fibar  propartiaa,  aaasly, 

*  0*78«   Thus,  it  is  saan  that  uppar  quartila  langth,  paraantags  of  Httura 
Tibars,  fibar  finanass,  and  grada  of  aotton  ara  aaah  of  littla  iqportaaaa 
Insofar  as  astiaating  tha  strangth  of  26/6/8  oardad  tira  aord  is  aonaamad* 
fiia  atandard  arrora  of  aquationa  (2),  (6)f  (4)f  8Bd  (6)  raaga  trm  0«76 
to  ^  0»82  and  ooapara  farorably  with  that  obtaiaad  for  tha  aix  fibar-pr^ 
arljr  aquation,  naasly,  ♦  0*76 •  Iquation  (6),  haring  a  staadmrd  arror  of 

♦  0.96  ihan  aoaffiaiaBt"of  TariabilitQf  of  langth  is  oaittad,  shoaa  that 
Ibis  praparty  is  af  sons  i^portanoa  to  tira  aord  atrangth*  idiaraai  aquatian 


f/  Saa  f ootnota  j/,  p  •  6  • 


(7),  having  a  standard  error  of  ^  1.41  when  fiber  strength  it  omitted, 
ahoirs  that  fiber  strength  is  of 'considerable  inportanoe  •    In  fact,  fiber 
strength  is  more  inportant  than  the  combined  effect  of  all  five  of  the 
other  fiber  properties,  as  can  be  seen  by  comparing  the  standard  errors  of 
equations  (16)  and  (7)* 

On  the  basis  of  the  partial  coefficients  of  correlation,  which  will 
be  discussed  later,  rarious  combinations  of  the  fiber  properties  hare  been 
selected  for  study.    Obriously,  it  would  have  been  botii  impracticable  and 
unnecessary  to  have  studied  the  effect  of  all  possible  combinations  of 
fiber  properties,  since  this  would  have  involved  determining  6S  different 
equations.    Moreover,  with  the  two  substitutional  measures  for  length, 
namely,  staple  length  as  designated  by  cotton  olassers  and  mean  length  as 
determined  by  the  sorter,  there  would  have  been  a  total  of  189  equations 
if  all  possible  combinations  had  been  used. 

Foiir  fiber  properties.    One  equation  (8),  involving  the  omission  of 
percentage  of  mature  ribers  and  upper  quartile  length,  has  been  derived 
for  four  fiber  properties.    The  standard  error  of  this  equation  is  ♦  0.78 
and  is  the  same  as  that  when  all  six  fiber  properties  are  used.    The  cor- 
responding coefficients  of  determination  are  0.845  and  0.846.    Thus,  these 
figures  indicate  that  just  as  great  a  percentage  of  the  variance  in  cord 
strength  is  accounted  for  by  the  four  fiber  properties  of  strength,  length 
variability,  fineness,  and  grade  as  was  found  with  all  six  fiber  proper- 
ties, including  upper  quartile  length  and  percentage  of  mature  fibers. 

Since  a  fiber  length  array  has  to  be  made  in  connection  with  deter- 
mining the  coefficient  of  length  variability,  which  is  included  in  the 
four  fiber -property  equation  referred  to,  only  one  kind  of  fiber  test  is 
avoided  by  using  this  equation,  namely,  the  percentage  of  mature  fibers. 
The  omission  of  the  latter  test,  however,  represents  a  saving  in  both 
time  and  expense  of  one  of  the  most  tedious  of  the  fiber  measurements. 
Ordinarily,  equation  (3)  instead  of  (8),  would  be  used  where  only  percent- 
age of  mature  fibers  is  omitted,  since  the  determination  of  upper  quartile 
length  is  merely  a  short  mathematical  calculation  requiring  a  few  minutes 
of  time,  once  the  array  is  made* 

Puree  fiber  properties .    Three  equations,  involving  three  fiber 
properties,  have  been  developed.   Equation  (9)  involves  omission  of  grcuLe, 
upper  quartile  length,  and  percentage  of  mature  fibers*    The  standard 
error  is  ^  0.82  as  compared  with     0*78  i^en  all  six  fiber  properties  are 
used*    The  respective  coefficients  of  determination  are  0*826  and  0*846, 
indieating  that  83  percent  of  the  variance  in  23/5/3  cord  strength  is 
accounted  for  by  coefficient  of  length  variability,  fiber  fineness,  and 
fiber  strength,  idiereas  85  percent  is  accounted  for  when  all  six  fiber 
properties  are  used* 

Equation  (10),  which  involves  only  two  kinds  of  fiber  tests,  namsly, 
those  for  length  and  strength,  gives  estimates  slightly  less  precise  than 
equation  (9),  the  respective  standard  errors  being     0.86  and  *  0.82.  The 


u 


ooeffioient  of  determination  for  equation  (10)  indioates  that  81  pereept 
of  the  oord-strength  variance  is  accounted  for  by  the  three  fiber  prop- 
erties -  upper  quartile  length,  coefficient  of  length  TariajDility^  and 
fiber  strength,  aa  compared  with  85  percent  when  all  fix  fiber  properties 
are  included* 

Equation  (11)  gives  estimates  slightly  less  precise  than  equation 
(9),  but  appreciably  less  precise  than  that  for  the  six  fiber  properties • 
This  equation  involves  omission  of  upper  quartile  length,  fineness,  and 
percentage  of  mature  fibers  •    The  coefficient  of  determination  in  this  in- 
stance is  0*799,  thus  iadioating  that  80  percent  of  the  variance  in  the 
cord  strength  is  accounted  for  by  grade,  coefficient  of  length  variability, 
and  fiber  strength,  as  compared  with  85  percent  irtien  all  six  fiber  proper- 
ties  are  used* 

Two  fiber  properties*    Four  equations  involving  two  fiber  properties 
have  been  developed*    Equation  (12)  includes  coefficient  of  length  varia- 
bility and  fiber  strength.    The  standard  error, ^  0*92,  is  somewhat  larger 
than  the  ^  0*78  obtained  when  all  six  fiber  properties  are  involved*  The 
correspon7ing  coefficients  of  determination  are  0*780  aind  0*846,  which  values 
indicate  that  78  percent  of  the  Vflurianoe  in  cord  strength  is  accounted  for 
by  fiber  strength  and  length  variability,  whereas  85  percent  of  the  variance 
in  cord  strength  is  explained  by  the  six  fiber  properties*    Thus,  omitting 
grade,  upper  quartile  length,  fiber  fineness,  and  percentage  of  mature 
fibers  from  the  equation,  entailed  a  loss  of  only  7  percent  in  the  amount 
of  variance  in  cord  strength  accounted  for  by  these  fiber  properties* 

Equation  (13)  involves  grade  of  cotton  and  fiber  strength*  The 
standard  error  is  ^  1*01  as  compared  with  ^  0*73  when  all  six  fiber  proper- 
ties are  used*    Th7  corresponding  coefficients  of  determination  cure  0*739 
and  0.846,  which  indicate  that  74  percent  of  the  veirianoe  in  cord  strong^ 
is  accounted  for  by  grade  of  cotton  and  fiber  strength  in  contrast  with 
85  percent  of  the  variance  accounted  for  by  all  six  fiber  properties*  Thus, 
there  is  a  loss  of  11  percent  in  the  amount  of  explainable  variance  in  tire 
cord  strength  when  upper  quartile  length,  coefficient  of  length  variabili-ty, 
fineness,  and  percentage  of  mature  fibers  are  omitted  from  the  equation* 

The  stand€trd  errors  of  equations  (14)  and  (15)  are  too  large  to  place 
much  reliance  on  the  estimates,  the  values  being  ^  1*20  and     1*77,  respec- 
tively*  Equation  (15),  izxvolving  length  measureinents  alone  ^  upper  quartile 
length  and  coefficient  of  length  variability  -  indicates  that  these  two 
length  factors  in  combination  do  not  furnish  a  tool  of  sufficient  rellabilily 
for  estimating  the  strength  of  tire  cord*    Instead  of  comparing  its  standard 
error  with  that  of  equation  (1),  which  involves  six  fiber  properties  and 
gives  the  most  accurate  estimate  of  those  considered,  the  standard  error  may 
be  compared  with  that  of  a  single  observation  for  the  377  observations  of 
tire  cord  strength*    This  error  is  ♦  1*97,  as  shown  by  equation  (24)  in 
table  2,  and  the  average  strength  iT  17*89  pounds*    Thus,  any  estimated 


ralue  of  tlr«*oord  strength  based  on  upper  quartile  length  and  eoeffl- 
olent  of  length  variability  would,  on  "ttie  average,  be  expected  to  be  only 
4*  0*20  pound  better  than  that  based  on  nean  cord    strength  alona,  without 
consideration  of  any  fiber  properties  at  all. 

HSUTIONSHIPS  BET^N  SOBfNGIE  OF  TIBS  CORD  AND 
S£PARAI£  FIBER  fEOPERTISS 

The  correlation  between  each  of  the  eight  fiber  properties  and  tiie 
strength  of  23/5/3  tire  oord  has  been  deterained*    Ihe  statistioal  findings 
are  shown  in  table  2,  as  are  the  equations,  whioh  are  identified  as  (16)^ 
(17),  (18),  (19),  (20),  (21),  (22),  and  (23). 

These  simple  correlations  indicate  the  apparent  iaportanoe  of  each 
of  the  fiber  properties  to  such  tire-oord  strength,  when  the  effects  of 
all  other  neasured  fiber  properties  are  ignored,  althou^  all  contributing 
fiber  properties  -  idiether  loeasured  or  not  •  influence  the  sti;angth  of  the 
cord.    The  highest  sinple  correlation  coefficient  was  found  to  exist 
between  fiber  strength  and  cord  strength,  the  figure  being  *  0,791  ^  0.019, 
which  indicates  fair  correlation  between  the  two  properties.    The  corre- 
sponding coefficient  of  detendnation  is  0.625,  ii^ich  indicates  -Uiat  62  per* 
eent  of  the  variance  in  oord  strength  is  aeoounted  for  by  fiber  strength 
alone*    This  coiqpares  with  85  percent  when  all  six  fiber  properties  are 
used  in  Multiple  linear  correlation  analysis  of  the  saos  cottons* 

The  correlations  between  each  of  the  other  seven  fiber  properties 
and  cord  strength  are  poor  and  would  account  for  only  a  saall  proportion 
of  the  variance  in  strength  of  the  tire  oord,  such  variance  being  less  than 
15  percent,  as  indicated  by  the  coefficients  of  deteraination  in  table  2, 
Ifttti  Ihe  exception  of  that  involving  fiber  strength,  the  high  standard 
errors  of  the  regression  equations,  naoely  *  1.82  to  ^  1*95,  indicate  that 
little  improvement  in  estimating  cord  strength  from  eToh  fiber  property 
alone  is  obtained  over  that  of  estimating  it  on  the  basis  of  the  mean  cord 
strength  for  this  series  of  cottons,  namely  17*89  pounds.   A  standard  error 
of  a  single  observation,  equal  to  ^  1*97,  is  associated  with  the  latter 
figure* 

Although  the  results  from  the  simple  correlation  analyses  refer  only 
to  the  "apparent"  effeot  of  the  separate  fiber  properties  in  terms  of  tire* 
cord  strength,  since  they  are  affected  by  interrelations  existing  between 
certain  pairs  of  the  fiber  properties  considered,  as  evidenced  by  tiie  data 
presented  in  the  first  report  of  this  series  s/,  they  are  of  interest  in 
revealing  i^t  to  expect  when  only  one  fiber  property  at  a  time  is  used* 
The  regression  coefficients  chango  appreciably,  however,  as  additional 
variables  are  included  in  the  equations,  as  may  be  readily  seen  by  referring 
to  those  involving  two  or  more  fiber  properties*    fhe  most  reliable  rank 


B/  See  footnote  l/,  p*  6* 
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of  ia^rtano*  of  the  separate  fiber  properties  with  respeot  to  tire  oord 
it  established  on  the  basis  of  the  partial  ooeffioients  of  oorrelation 
nhioh  will  be  presented  and  disoussed  later*    There  the  effect  of  each 
fiber  property  it  determined  in  oonneotion  with  the  six-fiber  property 
equation,  only  after  the  effects  of  all  the  other  considered  fiber  proper- 
ties have  been  eliminated* 

IMP0R1ANCB  OP  DIFFERENT  FIBER  PROPERTIES  TO 
TIRE-CORD  STRENGTH 

It  is  evident  from  the  foregoing  that  a  large  number  of  equations 
with  diversified  regression  coefficients  and  constant  values  may  be  derived 
from  the  same  data,  depending  on  the  number  and  nature  of  the  fiber  proper- 
ties taken  into  consideration.    It  should  be  emphasized,  therefore,  that 
the  measured  importance  reported  for  eaoh  fiber  property  in  this  paper,  or 
any  other  paper,  is  subject  to  the  restriction  that  it  holds  precisely 
only  for  the  number  and  kind  of  fiber  properties  used^  for  the  tests  and 
test-conditions  described,  and  for  the  units  employed  in  measuring  eaoh 
fiber  and  yarn  property*    The  ln^>ortanoe*of  eaoh  fiber  property  disoussed 
in  the  present  chapter  is  based  on  analyses  of  data  from  idiich  the  six  fiber 
property  equation  (1)  was  derived* 

There  are  a  number  of  statistical  measures  that  furnish  a  criterion 
for  the  determination  of  the  ia^ortance  of  the  various  fiber  properties, 
such  ass    Regression  coefficients,  beta  coefficients,  coefficients  of 
separate  determination,  and  coefficients  of  partial  oorrelation*   All  of 
these  have  been  calculated  and  considered  in  these  studies  but  only  the 
values  for  the  first-  and  last-nentioned  measures  are  included  in  this  pre- 
sentation*   For  the  most  part,  the  beta,  separate,  and  partial  coefficients 
of  correlation  are  in  general  agreement  flind  support  similar  conclusions. 
By  definition  and  mathematics,  however,  the  partial  oorrelation  coefficients 
are  considered  more  reliable  for  this  purpose  than  are  the  beta  coefficients 
and  coefficients  of  separate  determination;  hence,  the  values  for  the  latter 
two  statistical  msasures  have  been  omitted  from  this  presentation* 

In  oonneotion  with  eaoh  of  the  equations  listed  in  table  2,  the 
coefficient  of  determination  also  is  shown.    Ihis  measure,  when  multiplied 
by  100,  indicates  the  percent  of  tire-cord  strength  variance  accounted  for 
by  the  measured  fiber  properties  considered  in  each  equation  and  the  rela- 
tive importance  of  eaoh  combination  of  fiber  properties  with  respeot  to 
tire -oord  strength* 

The  regression  coefficients  shown  in  the  equations  indicate  the 
amount  of  change  in  tire-cord  strength  resulting  from  a  unit  change  in  a 
separate  fiber  property.    The  magnitudes  of  the  regression  coefficients 
naturally  vary  with  the  units  of  measure  employed  with  eaoh  kind  of  test 
and,  therefore,  can  not  be  used  directly  for  ranking  the  importance  of  th« 
various  fiber  properties  with  respect  to  tire-cord  strength*    This  measure, 
however,  furnishes  a  practical  and  understandable  yardstick  for  those  un- 
familiar with  statistical  methodology. 
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Th«  r«gr«ssion  oo«ffici«nts  of  th«  six  fiber-property  equation  (1) 
are  listed  in  table  8^  eaoh  being  followed  by  its  standard  error*  Ihe 
nagnitude  of  the  standsurd  •rror  shown  is  less  than  one-third  of  the  Talue 
for  its  regression  ooeffioient  in  -the  ease  of  four  of  tiie  fiber  properties, 
nanely,  Srade,  ooeffioient  of  length  Tariability,  finensss^  and  strength » 
Ihis  indicates  that  the  regression  coefficients  in  these  instances  are  sig- 
nificant and  not  due  to  chance  alone.    In  the  ease  of  upper  quartile  length 
and  percentage  of  aature  fibers ^  howe-ver^  the  standard  errors  are  so  large 
in  relation  to  their  respectiTe  regression  coefficients  as  to  suggest  that 
the  effeots  of  these  two  fiber  properties  on  tire-cord  strength  are  negli- 
gible.  As  a  flatter  of  faot^  in  the  case  of  upper  quartile  length,  the  sise 
of  the  standard  error  is  actually  over  twice  the  ralue  of  the  regression 
coefficient. 

In  the  light  of  the  data  sunmariied  in  table  4^  as  based  on  the  re* 
gression  coefficients  of  the  six  fiber-proper ^ty  equation  (1)^  deductions 
of  practical  interest  nay  be  oade  in  connection  with  the  strength  of  tire 
cord^  as  follows t 

Lowering  the  orade  of  the  cotton  by  one  grade  decreases 
the  strength  of  23/5/3  carded  tire  cord  by  0*30  pound i 

In  increase  of  l/^Z  inch  in  iiie  upper  quartile  length 
causes  no  significant  change  in  tire-oord  strength i 

in  increase  of  1  percent  in  the  ooeffioient  of  length 
rariability  deoreases  the  strength  of  "tire-oord  by  0,23  pound; 

Jjk  increase  ef  1  ■lerogm  per  ineh  in  fineness  de- 
oreases the  tire-oord  strength  by  0,76  pound  (the  coarser  the 
fiber  y  the  weaker  the  eord)| 

An  increase  of  1  percent  in  the  percentage  of  nature  fiber 
has  practically  no  effect  on  the  strength  of  tire  cordi  and 

An  increase  of  1,000  pounds  per  square  inoh  in  fiber 
strengtii  increases  the  strength  of  tire  cord  by  0,18  pound. 

Sxpressing  the  results  in  another  way,  as  shown  in  table  4,  an  in- 
crease ef  1  pound  in  the  strength  of  23/s/s  tire  cord  results  frea  eaoh  ef 
the  following! 

Raising  the  grade  of  cotton  by  3-l/4  steps i 

Decreasing  the  ooeffioient  of  length  Tariability 
4,42  percent  I 

Decreasing  the  fiber  weight  per  inoh  by  1,32  nicrograms 
(the  finer  the  fiber,  the  stronger  the  cord)i  and 

Increasing  fiber  strength  by  5,600  pounds  per  square  inch. 
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In  regard  to  upp«r  quartil*  length  &nd  p®r©®ntAg«  of  aature  fibers « 
the  contribution  f roa  eaoh  of  these  two  fiber  properties  is  so  snail  that 
it  would  be  ii^aotioal  to  oa^se  a  1-pound  inorease  in  the  strength  of 
23/5/3  tire  oord  by  a  ohange  in  either  of  them*   Wiere  an  inorease  is 
strength  of  tire  oord  aoooapanied  an  inorease  in  upper  quartile  length  er 
staple  length  of  raw  ootton^  as  flrequently  is  the  oase^  it  is  attributable 
to  an  associated  inorease  in  fiber  fineness  and  in  fiber  strength  rather 
than  to  the  inorease  in  fiber  length  per  se^  as  will  be  explained  later* 

Data  also  are  shown  in  table  4  relatire  to  the  amount  of  ohange  in 
the  separate  fiber  properties  neeessary  to  produce  1  percent  and  10  percent 
increases  in  the  nean  strength  of  Ss/s/s  tire  cord. 

The  partial  coefficient  of  oorrelation  is  eonsidered  atM  most  re- 
liable of  the  arailable  statistical  measures  for  determining  the  importance 
of  the  separate  fiber  properties,  in  that  it  measures  how  much  a  particular 
fiber  property  reduces  the  Tarianoe  in  tire-cord  strength  after  the  effects 
of  all  the  other  measured  fiber  properties  haTS  been  taken  into  account. 
Thus,  HiiB  measure  is  radically  different  from  that  of  the  simple  correla«!> 
tion  coefficient,  which  deals  with  the  effect  of  a  separate  fiber  proper-^ 
without  regpird  to  the  effects  of  any  other  associated  fiber  properties*  To 
the  extent  that  certain  fiber  properties  are  interrelated,  therefore,  the 
simple  oorrelation  coefficients  are  inaccurate  and  frequently  misleading 
with  respect  to  indicating  the  importance  of  any  fiber  property* 

There  is  a  tendency  on  the  part  of  sow  to  replace  the  partial  oorre- 
lation coefficient  by  the  beta  coefficient,  since  so  much  time  and  effort 
are  required  for  calculating  the  former,  especially  when  more  than  three 
Tariables  are  inrolTsd.   HowsTer,  a  great  deal  of  accuracy  and  reliability 
may  be  sacrificed  with  respect  to  the  interpretation  of  results,  if  the 
partial  correlation  coefficients  are  not  determined • 

Referring  to  table  5,  the  Talues  for  the  partial  coefficients  of 
correlation  indicate  that  the  properties  of  raw  cotton  studied  in  this  in- 
stance rank  in  order  of  importance  to  the  strength  of  23/5/3  carded  tire 
oord,  as  follows t 


Upper  quartile  length  and  percentage  of  mature  fibers  haTS  been  found 
to  giTO  partial  correlation  coefficients  of  insignificant  ralues  and,  inso- 
far as  the  strength  of  tire  cord  is  concerned,  those  two  fiber  properties 
appear  to  be  of  little  or  no  importance* 


(1) 

(2) 
(3) 
(4) 

(5) 
(6) 


Grade  of  cotton 
Fiber  fineness 
Percentage  of  mature  fibers 
Upper  quartile  length 


Fiber  strength 

Coefficient  of  length  Tariikbilit^ 
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In  the  light  of  their  respeotiTe  ttandard  errors^  at  also  shoim 
in  table  5,  it  is  erident  that  the  partial  correlation  ooeffieiente  for 
fiber  strength,  length  Tar  lability,  grade ,  and  fineness  in  relation  to 
tire*cord  strength  are  signif leant  and  not  due  to  ohanoe  alone.    The  par- 
tial correlation  coefficient  obtained  for  fiber  strength  is,  as  a  matter 
of  fact,  the  highest  that  this  series  of  studies  has  yielded  to  date. 

With  respect  to  percentage  of  aature  fibers  and  upper  quartile 
length,  howeTer,  it  nust  be  concluded  that  these  tiro  fiber  properties  pro« 
duce  little  or  no  effect  on  tire-oord  strength.    In  the  ease  of  upper  quar- 
tile  length,  the  standard  error  is  acre  than  tirice  as  large  as  the  partial 
correlation  coefficient  and,  with  nature  fibers,  the  standard  error  is 
alaost  as  large  as  the  partial  coefficient. 

Although  length  as  a  specific  fiber  property  has  been  found  to  exert 
no  detectable  effect  on  tire-cord  strength,  it  should  be  noted  that  the 
strength  of  tire  cord  does  increase  more  or  less  with  increase  in  staple 
length  or  upper  quartile  length  of  raw  cotton.    The  explanation  for  this 
seemingly  inconsistent  obserration  is  the  fact  that  fiber  length  and  fiber - 
weight  fineness  are  significantly  correlated  and  that  fiber-wei^t  fineness 
and  fiber  strength  are  significantly  correlated,  as  shown  by  the  partial 
coefficients  of  correlation  reported  in  the  proTious  study  Thus,  in 

a  general  and  practical  way,  fiber  length  may  be  used  as  an  indirect  basis 
for  getting  fiber  fineness  and,  to  a  lesser  extent,  fiber  strength  and  per- 
centage of  mature  fibers.  Therefore,  as  an  indicator  of  fiber  fineness  and 
fiber  strength  in  the  absence  of  meiasurements  and  standards  for  fiber  fine- 
ness and  fiber  strength,  fiber  length  and  staple  length  standards  assume 
importance  in  connection  with  the  production  of  strength  in  tire  cord,  OTon 
though  fiber  length  itself  exerts  a  negligible  effect  to  this  end, 

▲Ithougjh  the  simple  coefficients  of  correlation  indicate  only  the 
apparent  importance  of  the  separate  fiber  properties  to  tire-cord  strength, 
and  the  partial  coefficients  of  correlation  refer  to  their  actual  im- 
portance of  the  fiber  properties  in  this  respect,  it  is  of  Interest  to  note 
Ihe  ranks  of  importance  giren  to  the  fiber  properties  by  these  two  different 
sets  of  statistical  values,  as  follows t 

(Rank)     Based  on  partial  correlation     Based  on  simple  correlaticn 

(1)  Fiber  strength  Fiber  strength 

(2)  Coef  •  length  Tariability  Fiber  fineness 

(3)  Grade  of  cotton  Coef ,  length  Tariability 

(4)  Fiber  fineness  Grade  of  cotton 

(5)  Percentage  mature  fibers  \/  Upper  quartile  length 

(6)  Upper  quartile  length  \/  Percentage  mature  fibers 

\J  Coefficient  of  correlation,  being  less  than  three  times  its 
standard  error,  is  statistically  insignificant. 


^  See  footnote       p,  6, 
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RBIATIONSHIPS  BETWEEN  TIRE-CORD  ELONGATION  AT  THE  10-PODND  LOAD  AND 
VARIOUS  COMBINAHONS  OP  FIBER  PROPERTIES 


Tfaa  p^ro^ntage  of  elongation  at  the  lO-pound  load  and  at  the  point 
of  rupture  for  the  Es/s/s  carded  tire  oord  manufactured  from  each  of  the 
754  lote  of  cotton  was  obtained  frcoi  autographic  charts  nade  in  connection 
with  tbs  tire-cord  strength  tests,  as  previously  described*   At  the  10^ 
pound  load,  the  elongation  for  this  series  of  tire  cord  averaged  11 per- 
cent and  ranged  fron  7*75  to  14.58  percent.    The  elongation  at  the  point  of 
rupture  averaged  16*01  percent  and  ranged  fr<HD  11*90  to  20*40  percent*  Thus, 
the  values  for  the  mean  tire-cord  elongation  and  for  the  range  of  elongation 
are  sooewhat  greater  at  the  point  of  rupture  than  at  the  10-pound  load* 

Studies  have  been  made  of  the  multiple  linear  and  curvilinear  corre- 
lation betwsen  the  six  fiber  properties  and  each  of  the  two  lypes  of  tire- 
cord  elongation*   Studies  also  have  been  made  of  various  combinations  of 
less  than  six  fiber  properties  in  relation  to  both  neasures  of  tire-cord 
elongation,  as  well  as  oi  the  simple  correlation  between  such  tire-cord 
elongation  and  each  fiber  property* 

Two  companionate  series  of  regression  equations  and  sets  of  statisti- 
eal  values  have  been  deve loped i  17  for  the  relationships  between  the  fiber 
properties  and  tire-cord  elongation  at  the  10-pound  load  and  21  for  those 
concerning  the  elongation  at  the  point  of  tire-cord  rupture*    Only  9-  few  of 
the  equations  in  reference  to  the  former,  however,  are  included  in  this 
paper,  as  shown  in  the  graphic  charts  of  figures  18  to  20|  none  of  the 
equations. pertaining  to  tire-cord  elongation  at  the  point  of  rupture  are 
presented*    This  inoomplete  and  less  detailed  method  of  treatment  is  con- 
sidered adequate  in  this  report,  in  view  of  the  fact  that  the  correlation 
betneen  the  fiber  properties  and  each  of  the  elongation  measures  is  so 
small,  that  both  sets  of  results  are  similar  in  a  number  of  particulars,  and 
that  the  percentage  of  elongation  at  the  10-pound  load  is  the  measure  more 
generally  used  in  commercial  practice •  10/ 

Referring  to  equation  (28),  as  shown  in  figure  IS,  it  will  be  seen 
-ttiat  the  multiple  linear  coefficient  of  correlation  for  the  relationship 
between  the  percentage  of  tire-cord  elongation  at  the  10-pound  load  and  the 
six  fiber  properties  considered  is  0*679*    The  coefficient  of  determination 
is  0«461^  indicating  that  only  46  percent  of  the  variance  in  this  tire-cord 
elongation  is  accounted  for  by  these  six  fiber  properties* 

In  view  of  the  fact  that  such  a  low  multiple  correlation  coefficient 
was  found,  it  was  thought  possible  that  curvilinear  correlation  might  be 
present  and  the  explanation  of  the  low  value  obtained*   However,  on  plotting 
the  residuals  of  the  six  fiber-property  equation  off  the  net  regression 
lines  for  each  fiber  property,  there  was  no  indication  of  a  curvilinear  re- 
lationship for  any  of  the  fiber  properties* 


10/  If  any  of  the  equations  omitted  in  reference  to  tire-cord  elonga- 
tion are  needed,  or  if  more  detailed  information  is  desired  on  the  relation- 
ships involved  in  this  phase,  such  material  as  is  available  will  be  supplied 
on  request* 
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Hie  low  ooefficlent  of  oorrelation  obtained  with  the  six  fiber- 
property  equation^  therefore,  is  taken  to  mean  that  elongation  of  suoh 
tire  cord  is  due  either  to  some  one  or  more  fiber  properties  not  considered 
in  these  statistical  analyses  -  as  fiber  elongation  and  fiber  elasticity  - 
or  else  that  elongation  is  more  a  function  of  the  construction  of  tire 
cords  than  it  is  of  fiber  properties  •    Experimental  eyidence  beyond  the 
scope  of  this  study f  howerer,  is  needed  for  a  more  precise  and  final  oon* 
elusion* 

The  standard  error  of  the  six  fiber -property  equation  (28)  is 
*  0.95,  which  indicates  that  two-thirds  of  the  estimated  percentages  of 
e'longiition  at  the  10-pound  load,  as  based  on  this  equation,  would  be  ex- 
pected to  be  within  this  range  of  the  actual  percentage  of  elongation* 
This  compares  with     1*11  percentage  of  elongation  when  the  best  one  fiber- 
property  equation  i7  used,  namely  fiber  strength,  and  with     1.29  percentage 
of  elongation  irtien  the  estimate  is  taken  as  the  mean  Talue  of  the  377  obser- 
vations without  the  consideration  of  any  fiber  proper'^* 

'  Six  equations  have  been  derived  involving  five  fiber  properties, 
each  of  the  six  fiber  properties  being  omitted  in  turn*    Pour  of  the  equa- 
tions, namely  those  in  which  grade,  upper  quartile  length,  coefficient  of 
length  variability,  and  percentage  of  mature  fibers  are  omitted  in  turn, 
give  practically  as  good  estimates  for  cord  elongation  as  does  the  six 
fiber-property  equation  (28)*    This  indicates  that  the  four  fiber  proper- 
ties mentioned  are  of  practically  no  importance,  insofar  as  their  effect  on 
tire-cord  elongation  at  the  10-pound  load  is  concerned,  and  that  the  tests 
for  these  four  fiber  properties  may  be  omitted  without  any  appreciable  loss 
in  accuracy  of  estimated  elongation*    The  length  array  test,  however,  would 
have  to  be  made,  if  fiber  fineness  is  used  im  the  equation* 

The  other  two  equations  involving  five  fiber  properties  in  which 
fiber  fineness  and  fiber  strength  are  omitted  in  turn,  indicate  that  fiber 
strength  is  of  considerable  importance  to  the  elongation  of  23/5/3  tire  cord 
at  the  10-pound  load,  and  that  fiber  fineness  is  of  some  importance*  More 
particularly,  when  fiber  strength  is  omitted  from  the  six  fiber-property 
equation  (28),  the  standard  error  is  increased  from  ♦  0*95  to  *  1*22  and 
idien  fiber  fineness  is  omitted,  the  standard  error  i?  increased^  f rom^  0*95 
to  ^  1.00. 

A&other  way  to  judge  the  relative .  importance  of  the  two  significantly 
contributing  fiber  properties  to  tire-cord  elongation  at  the  10-pound  load 
is  to  compare  the  respective  coefficients  of  determination  with  that  ob- 
tained when  all  six  fiber  properties  are  included  in  the  equation.  Ilhen 
all  six  of  the  fiber  properties  are  used,  the  ooeffioient  of  determination 
indicates  that  46  percent  of  suoh  tire-cord  elongation  variance  is  accounted 
for,  irtiereas,  iHien  fiber  strength  is  omitted,  only  10  percent  of  the  oord- 
elongation  variance  is  accounted  for  by  the  remaining  five  fiber  properties  • 
And,  when  fiber  fineness  is  omitted,  the  oiher  five  fiber  properties  account 
for  only  40  percent  of  the  variance  in  the  tire-cord  elongation. 


It  i«  intereetizig  to  note  tfa«  ttatiatloal  Talnec  found  for  tho 
oprrelation  botpoon  the  tiro  fiber  properties  of  fiber  strength  and  fiber 
fineness  with  tire-oerd  elongation  at  the  10*poand  load,  as  shovn  by 
equation  (36),  listed  in  figure  14*   With  only  -Oiese  tvo  fiber  properties, 
the  oorrelation  ooefficient  is  alsost  as  hi^  as  that  found  for  all  six 
fiber  properties,  the  figures  being  0,671  and  0,679,  respeotiTely •  The 
eerresponding  eoeffioients  of  deteraination  are  0,450  and  0,461,  indica- 
ting that  only  1  percent  acre  of  the  rarianoe  in  the  tire--eord  elongation 
at  the  10-pound  load  is  accounted  for  by  the  inclusion  in  the  equation  of 
the  four  onitted  fiber  properties,  naaely,  grade  of  cotton,  upper  quartile 
length,  ooefficient  of  length  Tariability,  end  percentage  of  aature  fibers. 
In  other  words,  practically  as  good  an  estiaats  of  the  percentage  of  tire- 
cord  elongation  aay  be  expected  frosi  using  equation  (86)  involTing  only 
fiber  fineness  and  fiber  strength  as  from,  equation  (28)  including  all  aix 
fiber  properties, 

BEUTI0RSHIF8  6EIWSE9  TIRB-CCIU)  ELOHQATIOH  AT  SE  10-POUBD  LOAD 

ASD  SEPARATE  FIBER  FROFERTIES 

Results  froB  studies  of  siaple  correlation  betveen  each  of  the  six 
fiber  properties  and  the  percentage  of  elongation  at  the  10-pound  lead, 
equations  of  which  are  listed  in  figures  15  to  20,  reveal  that  the  only 
fiber  property  showing  significant  oorrelation  is  that  of  fiber  tensile 
strength,  The  correlation  coefficients  with  the  other  fiber  properties 
and  tire-eord  elongation  are  low,  being  less  than  0,400  in  every  case. 

Equation  (39),  figure  15,  representing  the  r^li^tion  between  elonga- 
tion at  the  lO-pound  lead  and  fiber  strength,  shows  that  its  precision  is 
better  than  that  obtained  frcai  the  equation  for  the  reaaining  five  fiber 
properties  ia  eoabinatien,    Ihe  coefficients  of  deteraination  indicate  that 
26  percent  of  the  Tariaaoe  in  tire-cord  elongation  at  the  10-pound  load  is 
accounted  for  by  fiber  strength  alone,  whereas  only  10  percent  is  accounted 
for  by  the  remaining  five  fiber  properties  in  coabination. 

In  general,  aeae  of  the  separate  fiber  properties  possesses  auoh 
aerit  tw  estiaating  the  percentage  of  tire-cord  elongation  at  the  10-pound 
load,    Ihis  is  erident  on  the  basis  of  the  standard  error  of  the  best 
separate  fiber  property  equation  (39)  and  that  of  a  single  obserration  of 
the  aean  of  the  877  obserrations,  naaely  •»>  1,29,    Thus,  without  knowledge 
of  any  fiber  property  or  eren  without  aakfTng  any  tests  for  elongation,  one 
oould  estiaate  the  percentage  of  elongation  ai  being  11,84,  or  the  aean  of 
the  series,  and  expect  to  be  correct  within     1,29  of  this  Talae  in  two- 
^irds  of  the  cases.    This,  of  course^  assuass  that  cottons  baring  siailar 
ranges  and  distributions  of  fiber  properties  are  being  considered,  IVhen 
strength  of  fiber  alone  is  used  for  estiaating  the  percentage  of  elongation, 
the  standard  error  is  ♦  1,11,  irtiioh  indicates  that  in  two-thirds  of  the 
cases  one  could  estiaa'&  wi^in  this  range  of  elongation. 


«  26  • 


IMPORTUrCB  OP  BACH  PIBBft  PROPERTY  TO  TIRB-C(»D  BLOHGULTION 

.AT  THE  10-POUND  LOAD 

On  th«  basis  of  the  regression  ooeffioients  of  the  six  fil>er-prop* 
erty  equation  (2S) ,  calculations  ha^e  been  made  as  to  the  effect  on  tire- 
oord  elongation  at  the  lO-pound  load  from  unit  changes  in  each  fiber  prop- 
erty, and  as  to  the  amount  of  changes  in  the  fiber  properties  necessary 
to  produce  a  unit  change  in  tire-cord  elongation  as  well  as  a  change 
equivalent  to  10  percent  of  the  mean  percentage  of  cord  elongation •  The 
results  obtained  show  that  practical  changes  in  fiber  properties  of  only 
fineness  and  strength  cause  appreciable  changes  in  percentage  of  tire-cord 
elongation  at  the  lO-pound  load*   Assuming  that  the  magnitudes  of  all 
other  fiber  properties  remain  the  same,  it  is  possible  to  draw  the  follow- 
ing conclusions s 

An  increase  of  1  microgram  per  inch  in  fiber  fineness, 
decrease s  the  percentage  of  tire -o or d  elongation  at  tbe 
lO-pound  load  by  1.07  (the  coarser  the  fiber,  the  lees  the 
elongation)!  and 

An  increase  of  1,000  pounds  per  square  inch  in  fiber 
strength  decreases  the  percentsige  of  cord  elongation  by 
0.12. 

i 

Bzpressed  on  the  basis  of  the  'amount  of  change  necessary  in  a  fiber 
proper*^  to  produce  a  unit  change  in  percentage  of  tire-cord  elongation 
at  the  10-pound  load,  shows  the  following: 

A  decrease  of  0.95  mioregrtus  per  inch  in  fiber  fineness 
increases  the  percentage  of  cord  elongation  by  1.00  (the 
finer  the  fiber,  the  greater  tiie  elongation);  and 

A  decrease  in  fiber  streng/th  of  8,470  pounds  per  square 
inch  increases  the  percentageJ  of  cord  elongation  by  1.00. 

The  contribution  of  grade,  or  upper  quartile  length,  of  ooeffioient 
ef  length  variability,  and  of  percentage  of  mature  fibers  is  too  small  for 
suoh  calculations,  as  referred  te  above,  to  have  practical  meaning. 

The  values  for  the  partial  cuoefficients  of  correlation  for  each 
fiber  property  in  relation  to  tire -cord  elongation  at  the  10-pound  lead 
are  shown  in  table  6.    These  coefficients,  by  their  magnitudes,  indicate 
the  relative  importance  of  each  fiber  property  to  this  tlre-oord  proper^ 
after  the  effects  of  all  other  measured  fiber  properties  have  been  ao- 
counted  for.    These  measures  differ  from  the  single  correlation  coeffi- 
cient where  the  effect  of  the  other  fiber  properties  are  ignored,  at  least, 
in  the  sense  that  they  are  not  considered  in  the  correlation  analysis. 
The  effect  of  other  fiber  properties,  hoeover,  are  always  present,  in  that 
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they  have  influenced  the  magnitude  of  the  dependent  variable  -  tire -cord 
elongation  in  this  ease.  More  oomplete  information  on  these  tsro  statie- 
tioal  Bieasares  is  contained  in  the  previous  report,  ll/ 

Aooording  to  the  partial  correlation  ooeffioients^  fiber  strength 
and  fiber  fineness  are  the  only  tiro  fiber  proper ti«^  of  Idiose  considered 
'^t  exert  a  significant  effect  on  the  percentage  of  tire*oord  elongation 
at  the  10-pound  load,  fiber  strength  ranking  first  in  this  respect  and 
fiber  fineness ,  second*    The  most  interesting  finding  perhaps  is  that  with 
respect  to  upper  quartile  length  whioh,  as  in  the  case  of  tire-cord 
strength,  is  apparently  the  least  important  fiber  proper-ty  to  tire-oerd 
elongation  at  the  10-pound  load  of  the  six  which  have  been  considered •  It 
frequently  happens,  however,  that  in  order  to  obtain  oottone  of  the  desired 
strength  and  fineness,  it  is  necessary  to  obtain  cotton  oT  longer  length; 
but  this  is  not  always  neoessary,  as  can  be  readily  seen  by  reference  to 
the  correlations  between  different  pairs  of  fiber  properties,  as  '^e 


Renembering  that  the  partial  coefficient  of  correlation  refers  to 
the  actual  contribution  of  each  fiber  property  and  that  the  sia^le  oorrela* 
tion  coefficient  indicates  only  the  apparent  contribution,  as  explained 
previously  in  the  case  of  tire -cord  strength,  the  ranks  of  isportanee  given 
to  the  separate  fiber  properties  for  tire-cord  elongation  at  the  lO-pound 
load  by  the  two  different  sets  of  statis tioal  values  are  of  interest,  as 
follows  I 

Rank       Based  on  partial  correlation     Based  on  simple  correlation 

(1)  Fiber  strength  Fiber  strength 

(2)  Fiber  fineness  Upper  quartile  length 


The  low  correlation  found  with  respect  to  the  combined  effect  of  the 
•ix  fiber  properties  and  the  percentage  of  elongation  at  the  lO-pound  load 
euggested  the  possibili'ty  of  curvilinear  correlation*    However,  sinoe  bo 
curvilinear  correlation  was  foxand,  it  was  thought  that  perhaps  the  low 


(3) 
(4) 
(5) 
(6) 


\/   Coefficient  of  correlation,  being  less  than  three  times  its 
standard  error,  is  statistically  insignifioant. 


R£UT10NSHIPS  BETWEEN  TIRE-CORD  ELONGA.TION  AT  POIKT  OP  RUPTURE 
AND  VARIOUS  COMBINATIONS  OF  FIBER  PROPERTIES 


\i/  See  footnote  1^,  p •  6, 
12/  See  footnote  l/,  p  •  6 
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eorr«lation  sight  haT9  resulted  from  the  elongation,  obeermed  at  the  10- 
found  loadf  being  too  olose  to  the  point  of  rupture  in  the  ease  of  veak 
tire  oorde  and  too  far  from  the  point  ef  rupture  in  the  ease  of  strong  tire 
oerds  •    It  was  further  thought  that  the  pereentage  ef  elongpition  at  the 
point  of  rupture  might  be  a  better  basis  for  measuring  this  mazmfaoturing 
property-  in  eonneotion  with  studies  of  the  effeot  of  fiber  properties  en 
elongation*    This  pereentage  of  elongation  is  obtained  by  diriding  the  total 
stretoh  of  the  test  speoimen  at  the  point  ef  rupture  by  Hm  original  10-inoh 
length  of  the  test  speoimen^  end  multiplying  the  quotient  by  100*  Readings 
mere  made  from  the  saas  strength-elongation  eharts  as  mere  used  in  the  ease 
ef  the  prerious  studies  on  tiie  elongation  at  the  10-^ound  load* 

▲  similar  preoedure  was  f elloved  in  correlating  the  fiber  properties 
with  the  pereentage  ef  tire-oerd  elongation  at  the  point  of  rupture  as  for 
the  tire-oord  elongation  at  the  10-pound  load  •    IWenty-one  equations  were 
dereloped  tiiat  inrol^ed  separate  and  rarieus  ooobinations  of  fiber  proper- 
ties i  but  tiiey  are  not  presented  in  this  paper,  sinoe  the  orer-all  correla- 
tion was  found  to  be  no  higher  wi^  the  percentage  of  elongation  at  the 
point  of  rupture  than  with  that  at  the  lO-pouad  load,  and  sinoe  the  per- 
centage of  elongation  at  the  10-pound  load  appears  to  be  ^le  measure  more 
coBBonly  used  in  the  comiaercial  testing  of  tire  cord.    The  more  outstanding 
findings  obtained  from  these  studies,  honerer,  will  be  disciissed  in  their 
relation  to  corresponding  results  developed  in  connection  with  tire-cord 
elongation  at  the  10-pound  load* 

A  multiple  correlation  coefficient  of  0*665  vas  obtained  for  the 
relation  between  the  percentage  of  tire-oord  elongation  at  the  point  ef 
rupture  and  the  six  fiber  properties  in  combination*    This  compares  with 
0*679  for  the  corresponding  equation  relating  te  the  elongation  at  the  10- 
pound  load*    The  respeotiTe  coefficients  of  determination  indicate  that 
44  percent  of  the  Tarianoe  in  tire-cord  elongation  at  the  point  of  rupture 
is  explained  by  'ttie  six  fiber  properties,  whereas  46  percent  is  explained 
in  the  ease  ef  elengatien  at  the  10-pound  load*    The  low  correlation  coeffi- 
cient with  respect  to  elongation  at  the  point   of  rupture  suggested  the 
possibility  of  ourri linear  correlation*   Howeyer,  no  indication  ef  such  a 
relationship  was  found  i^en  curvilinear  correlation  studies  were  made  ef 
the  data* 

Six  equations,  involTing  fife  fiber  properties,  were  doTeleped, 
where  each  fiber  preper-ty  was  emitted  in  turn*  The  statistical  ralues, 
when  compared  with  those  for  the  six  fiber-property  equation,  show  that 
strength  and  fineness  of  the  fiber  properties  under  consideration  have  the 
greatest  effect  on  tire-cord  elongation  at  the  point  of  rupture  •  These 
results  are  similar  to  those  found  with  respect  to  tire  cord  elongation 
at  the  10-po\md  load* 

Of        equations  developed  for  different  pairs  of  fiber  properties, 
the  best  result  was  obtained  with  fiber  fineness  and  fiber  strength*  rlhe 
degree  of  relationship  betmeen  tire-cord  elongation  at  the  point  of  rupture 
and  "ttiese  tiro  fiber  properties  is  indicated  hj  a  coefficient  of  correla- 
tion of  0*564,  as  compared  with  0*665  when  all  six  fiber  properties  are 
inrolTod*    These  ralues  are  relatively  small  and,  when  squared,  indicate 
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that  only  52  percent  of  the  total  T&rieince  in  the  percentage  of  tire**oord 
elongation  at  the  point  of  rupture  is  explained  by  fiber  strength  and 
fiber  fineness ,  as  compared  with  44  percent  for  all  six  fiber  properties* 

REUTIONSHIPS  BEWBEN  TIRE-CORD  ELONGATION  AT  THE  POINT  OP  RUPTURE 

AND  SEPARATE  FIBER  PROPERTIES 

None  of  the  simple  correlations  between  the  percentage  of  tire-cord 
elongation  at  the  point  of  rupture  and  ihe  six  separate  fiber  properties 
are  sufficiently  high  to  place  much  reliance  upon  the  correlations^  the 
coefficients  being  less  than  0.500  in  all  cases «    Four  of  the  correlation 
coefficients^  however,  are  statistically  significant,  being  greater  than 
three  times  their  standard  errors  and  indicating  that  the  oorrelations  are 
not  due  to  chance  alone.    In  order  of  rank,  they  arei    Upper  quartile 
length,  fineness,  strength,  and  grade  of  cotton*   As  previously  pointed 
out,  such  correlations  are  only  apparent,  since  they  refer  to  oorrelations 
irhere  the  effects  of  other  associated  fiber  properties  on  the  relation- 
ship have  been  ignored.    Therefore,  different  ranks  of  importance  for  the 
separate  fiber  properties  in  relation  te  tire-cord  elongation  at  the  point 
of  rupture  are  obtained  i^en  the  results  are  based  on  net  regression  and 
partial  correlation  coefficients,  and  -mhen  the  effects  of  other  interre- 
lated fiber  properties  are  taken  into  account.    Ihis  will  be  reported  is 
the  next  section. 

IMPORTANCE  OF  EACH  FIBER  PROPERTY  TO  TIRE-CORD  ELONGATION 

AT  THE  POINT  OP  RUPTURE 

Based  on  Ihe  regression  coefficients  of  the  six  fiber  property  equa- 
tion, calculations  have  been  made  as  to  the  effect  of  unit  changes  of  each 
fiber  property  on  the  percentage  of  elongation  at  the  point  ef  rupture, 
the  effect  of  unit  changes  of  each  fiber  property  in  terns  of  the  percentage 
of  the  mesin  value  for  the  percentage  of  elongation,  and  the  amount  ef  change 
in  each  fiber  property  necessary  to  produce  a  ohange  equivalent  te  10  per- 
cent of  the  mean  percentage  of  elongation.    The  two  latter  methods  of  ex- 
pression are  of  assistance  in  comparing  the  findings  with  those  in  oennectiom 
with  the  elongation  at  the  lO-peund  load. 

On  the  assumption  that  the  magnitudes  of  all  the  other  fiber  proper- 
ties remain  the  same,  t-he  following  significant  changes  in  the  percentage 
of  tire -cord  elongation  at  the  point  ef  rupture  result  from  ohanges  in  eaoh 
fiber  property I 

Lowering  the  grade  of  the  cotton  by  one  step  deoreaset 

the  percentage  ef  elongation  by  0JZ6i 

An  increase  of  1  percent  in  the  ooeffioient  of  length 
variability  reduces  the  percentage  of  elongation  by  O.lOi 

An  increase  of  1  microgram  per  inch  in  fiber  wei^t 
decreases  the  percentage  of  elongation  by  1.80  (the  coarser 
the  fiber,  the  less  the  elongation);  and 
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An  increase  of  1^000  pounds  per  square  inch  in  fiber 
strength  decreases  the  percentage  of  tire-cord  elongation 
by  Oai. 

Expressing  the  above  relationships  in  another  way,  it  is  found  that 
an  increase  of  one  unit  in  the  percentage  of  elongation  is  obtained  by  — 

Raising  the  grade  of  the  cotton  by  4  steps;  er 

Decreasing  the  coefficient  of  length  Tariability  by 
10  percent;  or 

Decreasing  the  fiber  weight  per  inch  by  0.55  i&icrograBi 
(the  finsr  the  fiber ,  the  greater  the  elongation);  er 

Decreasing  the  fiber  strength  by  9,000  poimds  per 
square  inch* 

The  contributioz:  of  upper  quartile  length  and  of  percentage  of 
nature  fibers  is  too  small  for  such  calculations  as  the  above  te  have  prac* 
tioal  neanlng* 

According  to  the  partial  correlation  coefficients  reported  in  table  7 
strength  is  the  most  important  fiber  property  influencing  the  elongation 
at  the  point  of  rupture*    Next  in  order  are  the  fiber  properties  of  fineness 
coefficient  of  length  variability,  and  grade*    The  percentage  of  mature 
fibers  and  upper  quartile  length  have  negligible  effects  upon  the  variance 
in  the  percentage  of  tire«-cord  elongation* 

The  peirtial  correlation  coefficients  reveal  a  radically  diffe.^  ent 
picture  from  that  furnished  by  the  simple  correlation  coefficients*  Sir 
purposes  of  comparison,  "^e  importance  of  the  various  fiber  properties  as 
measured  by  the  tiro  sets  of  correlation  coefficients  are  listed  as  follows  s 

Rank       Based  on  partial  correlation       Based  on  simple  correlation 

(1)  Fiber  strength  Upper  quartile  length 

(2)  Fiber  fineness  Fiber  fineness 
(S)        Coef *  of  length  variability        Fiber  strength 

(4)  (^ade  of  cotton  Grade  of  cotton 

(5)  Percentage  of  mature  fibers  l/   Coef*  length  variability  l/ 

(6)  Upper  quartile  length  l/  Percentage  of  mature  fibers  l/ 

The  correlation  coefficient,  being  less  than  three  times  its 
standard  error  •   is  oonsidered  statistically  insignificant* 

The  most  outstanding  observation  is  the  low  rank  of  upper  quartile 
length,  based  on  the  partial  correlation  coefficient,  as  compared  with  that 
based  on  the  simple  correlation  coefficient*    If  one  were  to  Judge  the  im- 
portance of  the  fiber  properties  with  respect  to  elongation  on  the  basis  of 
the  siiqple  correlation  coefficient  alone,  upper  quartile  length  would  be 
considered  the  most  importcmt  fiber  property* 
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The  partial  correlation  oooffieiont^  howover,  cloarly  shows  that 
upper  quartile  length  has  practically  no  effect  on  tire-cord  elongation* 
It  is  only  because  fiber  length  is  correlated  with  other  contributing 
fiber  properties  that  it  can  be  used  to  represent  them  and^  therefore , 
show  a  significant  correlation  when  so  used  in  simple  correlation  analyses* 
Accordingly,  fiber  length  per  se  is  not  the  controlling  factor*    Care  must 
be  used  continuously,  as  repeatedly  pointed  out  in  this  report,  if  conclu* 
sions  are  to  be  drawn  from  simple  correlation  coefficients  alone. 

REUTIOHSEIPS  BEIWEEH  THREE  PAIRS  OF  TIRE-CORD  raOPERTIES,  AITO  BEWEEN 
EACH  OF  THOSE  PROPERTIES  AKD  THE  STRENGTH  OF  SINGLES  YARN 

The  question  arises  as  to  what  correlation,  if  any,  exists  between 
the  two  elongation  neasures  for  25/5/s  tire  cord*    The  answer  is  graphically 
rerealed  by  the  scatter  diagram  shown  in  figure  21*    Correlation  analysis 
of  the  data  Indicates  a  fairly  high  positire  correlation  between  the  two 
sets  of  measurements,  the  coefficient  of  simple  correlation  being  *  0*871* 
The  scatter  about  the  regression  line,  however,  indicates  that  the  two 
expressions  ef  tire-cord  elongation  are  not  precisely  related,  otherwise  all 
the  dots  would  have  fallen  on  a  straight  or  curved  line* 

IVhen  the  percentage  ef  Es/s/s  tire-cord  elongation  at  the  lO-pound 
lead,  is  plotted  against  tire-cord  strength,  a  negative  correlation  is  indi- 
cated, as  illustrated  by  figure  22*    The  coefficient  of  correlation  is 
-  0*376  ^  0*44,  which,  although  small,  is  statistically  significant*  The 
megative'Vorrelation  indicates  that  the  stronger  the  cord,  the  less  is  the 
elongation*   Hore  particularly,  as  based  on  this  analysis,  each  increase 
ef  1  percent  in  tire-cord  elongation  at  the  10-pound  load  is  associated 
with  a  reduction  of  0*68  pound  in  tire-cord  strength* 

On  the  other  heoid,  when  the  elongation  of  this  tire  cord  at  the  point 
of  rupture  is  plotted  against  tire-cord  strength  (see  fig*  2S),  a  positive 
but  insignificant  correlation  is  indicated*    The  correlation  coefficient 
is  only  4-  0*060  ♦  0*051 «    In  this  case,  each  increase  of  1  percent  in  tire- 
cord  elongation  at  the  point  of  rupture  is  associated  with  an  increase  of 
only  0*08  pound  in  tire -cord  strength* 

The  values  previously  reported  are  based  on  tire-cord  strength  being 
the  dependent  variable  in  both  oases*    However,  i^en  the  percentage  of 
elongation  is  made  the  dependent  variable,  an  increase  of  1  pound  in  23/5/s 
tire  cord  strength  is  associated  with  a  decrease  of  0*26  in  the  percentage 
of  elongation  at  the  10-pound  load,  and  an  increase  of  1  pound  in  the 
strength  of  such  cord  is  associated  with  an  increase  of  0*06  in  the  per- 
centage of  elongation  at  the  point  of  rupture*    According  to  the  latter 
figure,  obviously  a  relatively  great  change  in  tire  cord  strength  would  be 
necessary  to  affect  significantly  the  percentage  of  elongation  at  the  point 
of  rupture* 

In  the  oantifacture  of  tire  cord,  it  is  iiqportant  to  know  in  advance 
whether  certain  specifications  with  respect  to  strength  of  tire  cord  can 
be  realised  before  processing  large  quantities  of  single  yarns  into  the 
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cords.    Correlation  batween  the  strength  of  2s/5/5  carded  tir©  cord  and 
the  converted  skein  strength  of  2Ss  carded  yam  is/,  spun  froa  corres- 
ponding cottons  with  optimum  twist  multipliers  in  relation  to  the  staple 
length  of  the  raw  cottons,  reveal  that  such  estimates  can  be  made  with  a 
fair  degree  of  precision.    The  estimating  equation  is  found  to  be 

^23  -  ^  0*123         *  6*74 

lirhere  X23  represents  the  estimated  strength  of  23/5/s  tire  cord,  in 
pounds,  and 

^36  i^*pr®6ent8  the  strength  of  23*  yarn.  In  pounds  per  skein. 

This  equation  indicates  lhat  an  increase  of  1  pound  in  the  strength 
of  238  yarn  increases  the  strength  of  Zz/b/z  tire  cord  by  0*123  pound  or 
by  approximately  l/s  pound*    The  standard  error  of  estimate  for  this  equa«- 
tion  is      0*87  pound,  idiioh  means  that  the  estimated  strengths  of  such 
tire  cordT  would  be  expected  to  /all  within  HiiB  range  of  the  actual  values 
in  two-thirds  of  the  eases*    The  eoeffioient  of  correlation  betvmen  this 
tire  cord  and  yam  strength  is  4-  0*897,  indicating  a  relatively  high  pesitive 
correlation  between  cord  strength  and  yarn  strength*    The  coefficient  of 
determination  is  0*805,  thus  signifying  that  80  percent  of  the  variance  in 
the  strength  of  this  tire  cord  is  explained  by  yam  strength*   A  graphical 
presentation  of  the  relationship  between  tire-cord  strength  and  yarn  skein 
strength  is  given  in  figure  24 « 

Ifhat,  if  any,  relationship  exists  between  the  percentage  of  23/5/3  . 
tire-cord  elongation  and  the  strength  ef  238  single  yam?  Correlation 
analysis  reveals  an  insignificant  negative  correlation  between  tire-cord 
elongation  at  the  10-pound  load  and  the  converted  strength  of  238  carded 
yam  spun  from  corresponding  cottons  with,  optimum  twist  in  relation  to  the 
staple  length  of  the  raw  cottons*    The  eoeffioient  is  only  -  0*142,  ^  0.050* 
A  positive  correlation,  however ^  has  boon  found  between  the  percenta'go  of 
tire -cord  elongation  at  the  point  of  rupture  and  the  converted  strength  of 
such  238  yarn.    In  this  case  the  coefficient,     0*296  ♦  0*047,  while  com- 
paratively small,  is  statistically  significant*    The  oTongation  of  tiro 
cord  at  the  10-pound  load  and  the  olongation  of  tiro  cord  at  the  point  of 
rupture,  in  relation  to  the  strength  of  23s  yam,  are  shown  graphically  in 
figures  25  and  26* 

APPLICATION  OF  TBB  EQUATIONS 

Sixty-four  equations  have  boon  developed  in  oonneotion  with  this 
study:  26  for  estimating  from  fiber  data  the  strength  of  25/6/3  tire  cordi 
17  for  tiro-cord  elongation  at  the  lO-pound  load,  and  21  for  cord  elongation 
at  the  point  of  rupture*    Twenty-throo  equations  are  presented  in  table  2 


13/  The  strength  of  258  yam  was  converted  from  the  strength  of  22s 
yarn  by  the  method  described  in  ''An  Improved  Method  for  Converting  Skein 
Strength  of  Cotton  Yarn  to  the  Strength  of  a  Specified  Tam  Count,*  by 
Malcolm  E*  Campbell.    17 *S.  Department  of  Agriculture,  Circular  No.  415, 
Oct.  1956. 
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for  tire-oord  strength,  3  are  presented  in  the  Discussion  as  special  cases , 
and  6  are  showm  in  figures  13  to  20  for  tire-oord  elongation  at  the  10* 
pound  load*    The  remaining  30  equations  are  not  included  in  this  report, 
for  the  reasons  preTiously  given,  but  the  statistical  findings  assoointed 
with  them  have  been  taken  into  account. 

The  fiber-oord-property  equations  here  presented,  provide  a  tool  for 
predicting  or  estimating  the  strength  of  23/5/5  tire  cord  and  its  elongation 
at  the  10*pound  load  from  a  knonrledge  of  the  magnitude  of  the  various  fiber 
properties.    To  illustrate  the  use  of  these  equations,  the  magnitudes  of 
four  of  the  fiber  properties  for  one  of  the  cottons  used  in  this  study  are 
given  belovt 

J.I ,    grade  of  cotton,  by  number  5 .00 

Xj,    coefficient  of  length  variability,  in  percent .28 .00 

X4     fiber  finexMSS,  in  iderograms  per  inch  •  4.80 

Xg,    fiber  strength,  1,000  pounds  per  square  inch .  •  •  • .89 .00 

The  values  listed  above  are  substituted  in  the  appropriate  equation. 
If  the  estimated  strength  of  2s/5/3  cord  is  desired  and  if  four  fiber 
properties  are  included,  equation  (8),  as  shoim  in  table  2,  should  be  used. 
This  equation  is  as  follows t 

(8)  ^25  :       0 .304X1  -  O.2I6X3  -  0.769X4  ♦  O.ieiXg  ♦  15.14 

The  values  substituted  in  this  equation  give  the  following  results 

X*23  «    -O.304  (6.00)  -0.216  (28.00)  -0.769  (4.80)  ♦  0.181 
(89.00)  *  15.14000  ■  20.0  pounds 

The  estimated  tire-cord  strength  of  20.0  pounds,  as  calculated 
above,  ooimpares  with  19.6  pounds  for  ih9  value  obtained  by  actual  test. 

The  factors  and  the  constant  are  set  up  so  that  five  decimal  places 
will  result  in  all  the  products.    This  is  done  so  that  the  calculation  loay 
be  made  by  cumulating  these  products  on  a  oaloulating  machine,  then  adding 
or  subtracting  the  oonstant  term  according  to  its  sign.    Is  several  cases 
the  products  are  multiplied  negatively.    Such  a  procedure  represents  a 
considerable  saving  of  time  iriien  a  large  number  of  estimates  are  involved. 

That  a  number  of  more  or  less  radically,  different  tire-oord  strength 
and  tire-oord  elongation  estimating  equations  with  various  degrees  of  re- 
liability oan  be  obtained  from  analysing  the  data  for  a  given  series  of 
oottons,  depending  upon  ii^ieh  and  hew  many  fiber  properties  are  correlated, 
is  fully  demonstrated  by  the  evidence  presented  in  table  2  and  in  the 
graphic  charts  which  follow.    It  is  felt,  however,  that  the  equations  pre- 
sented in  this  paper  possess  merit  for  making  oenparisons  and  predictions 
in  reference  to  tire-oord  strength  and  tire-oord  elongation  at  the  10-pound 
lead,  insofar  as  American  upland  cottons  and  the  speoified  23/5/s  tire 
oord  are  concerned ;  since  they  were  derived  from  analysing  such  a  large 
nximber  of  cottons 2  since  such  wide  ranges  of  fiber  properties,  cord 
strength  and  cord  elongation  were  involved)  and  since  such  camparable 
methods  and  conditions  of  test  were  used  with  all  samples. 
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Estimated  values  of  tire-*cord  strength  and  elongation  obtained  Hot 
other  American  upland  cottons  by  substituting  fiber-property  values  in 
any  of  these  equations  generally  should  agree  with  their  aotual  cord 
strength  and  elongation  values,  within  the  limits  of  tolerance  specified, 
provided  that  a  number  of  conditions  are  satisfactorily  met* 

Individual  oases,  no  doubt,  will  occur  where  the  estimated  and 
actual  values  will  differ  more  than  the  limits  of  accuracy  indicated*  In 
such  event,  it  is  likely  that  either  the  equation  is  being  applied  to  an 
unusual  or  extreme  cotton  (one  that  is  distinctly  outside  of  the  range  in 
one  or  more  fiber  properties  from  that  from  which  these  equations  were 
developed),  or  else  lhat  the  techniques  and  conditions  used  by  others  for 
measinring  fiber  and  cord  properties  or  for  manufacturing  cord  are  appre- 
ciably different  from  those  employed  in  these  analyses,  or  both* 

If  only  an  occasional  large  disparity  occurs  between  the  actual  and 
estimated  values  and  if  the  deviations  are  sometimes  plus  and  sometimes 
minus,  this  would  suggest  something  unusual  or  extreme  about  the  cotton* 
On  the  other  hand,  if  appreciable  disparities  generally  occur  and  if  they 
are  generally  eiiiier  plus  or  minus,  this  would  indicate  that  something  is 
unusual  or  peculiar  to  the  testing  or  manufacturing  phases,  or  -^t  the 
tire -cord  structure  involved  is  significantly  different  from  that  used  in 
these  studies  and  on  which  the  reported  equations  were  developed* 

Regardless  of  any  differences  in  fiber  testing  techniques  or  ether 
conditions  as  between  laboratories,  the  findings  from  substitutions  of 
the  magnitudes  of  the  fiber  properties  in  the  equations  should  result  in 
establishing  the  proper  ranks  or  relative  positions  of  the  various  oet- 
tons  in  terms  of  cord  strength.    Even  though  the  level  of  results  may 
vary  somewhat  between  laboratories  or  from  those  involved  in  this  study, 
the  ranks  obtained  should  be  reasonably  reliable,  provided  that  all  fiber 
tests  of  a  kind  are  made  in  one  and  the  same  laboratory,  under  one  and  the 
same  set  of  conditions,  and  by  the  same  person  or  group  of  persons* 

It  should  be  understood,  moreover,  that  the  equations  reported 
herein  for  this  series  of  Americflin  upland  cottons  probably  are  not  appli- 
cable to  American  Egyptian,  sea  island,  and  extra  long  upland  cottons, 
since  such  growths  of  cotton  have  not  been  included  in  these  studies. 

DISCUSSION 

One  of  the  most  interesting,  if  not  surprising,  observations  fur- 
nished by  these  correlation  analyses  is  the  low  rank  of  importance  for 
upper  quartile  length  in  relation  to  tire-oord  strength*    This  conclusion, 
however,  is  borne  out  by  all  the  different  statistical  measures  of  im- 
portance that  have  been  used  in  this  study,  some  of  which  have  not  been 
included  in  this  report*    More  particularly,  as  based  on  partial  correla- 
tion analyses  involving  the  six  fiber  properties  of  equation  (1),  the 
partial  correlation  coefficient  for  length  was  found  to  be  only  -  0.021, 
with  a  standard  error  of  ♦  0.051,  the  latter  being  approximately  2-l/2 
times  the  partial  correlation  coefficient  itself*    These  figures  reveal 
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the  fact  thatf  with  this  series  of  Anerican  upland  cottons,  there  is  no 
significant  correlation  between  upper  quartile  fiber  length  and  tire-cord 
strength.    Moreover,  the  regression  coefficient  obtained  for  length  in 
the  six  fiber-property  equation  (1)  Is  -  0.225,  which  xneana  that,  when  ex- 
pressed in  practical  terms,  an  increase  of  l/32  inch  in  upper  quartile 
length  changes  the  cord  strength  by  only  -  0,007  pound^  as  shown  in  table 
4.    This  finding,  together  with  the  large  standard  error  associated  with 
the  regression  coefficient,  indicates  that  the  effect  of  upper  quartile 
length  on  cord  strength  is  practically  negligible* 

The  rariable  results  obtained  as  to  t^e  precise  effect  of  fiber 
length  and  its  generally  insignificant  contribution  towards  the  strength  ef 
tire  cord  are  interpreted  as  being  attributable  to  the  interactions  which 
occur  between  the  various  fiber  properties •    That  such  Interactions  exist 
can  readily  be  deduced  by  referring  to  table  2,  irtiioh  sumnariEes  the  23 
regression  equations  involving  one  or  more  fiber  properties.   Here,  it  is 
seen  that  in  six  oases,  namely  with  equations  (4),  (5)^  (6),  (10),  (15), 
and  (21),  positive  regression  coefficients  occur  for  upper  quartile  length. 
Only  four  of  these  coefficients,  however,  are  of  any  appreciable  magnitude. 
On  the  other  hand,  negative  regression  coefficients  ooour  In  three  cases, 
namely,  with  equations  (1),  (s),  and  (7)^    Of  these,  only  that  for  equation 
(7)  is  of  appreciable  magnitude.    Ihese  length  regression  coefficients  vary 
in  both  magnitude  and  sign,  because  of  the  number  and  sature  of  their 
assoolated  properties* 

The  explanation  for  the  apparent  differences  and  discrepancies, 
referred  to  above,  lies  in  the  interplay  or  interactions  occurring  between 
the  various  fiber  properties.    For  example,  where  two  fiber  properties  are 
oorrelated  with  each  other  and  one  is  omitted  in  a  statistical  analysis, 
there  is  a  tendency  for  the  effect  of  the  omitted  fiber  proper to  be 
taken  care  of  by  the  fiber  property  retained.    This  is  particularly  true 
in  the  case  of  fiber  length  and  fineness .    Since  a  fiber  property  is  often 
correlated  to  some  extent  with  several  others  14/,  the  omission  of  a  fiber 
property  from  an  analysis  frequently  affects  the  magnitudes  of  several  of 
the  regression  coefficients  for  the  other  fiber  properties  and  may  even 
affect  the  sign  of  such  regression  coefficients. 

It  is  of  interest  to  note  that,  on  the  basis  of  their  respective 
magnitudes,  the  most  variable  of  the  regression  coefficients  reported  are 
upper  quartile  length  and  fiber  fineness  and  that  the  most  constant  ones 
are  identified  with  length  variability  and  fiber  strength.    The  stability 
of  their  regression  coefficients  indicate  that  the  two  latter  fiber  proper- 
ties are  less  definitely  associated  with  any  of  the  other  fiber  properties 
considered.    On  the  other  hand,  since  fiber  length  and  fineness  are  fairly 
highly  correlated,  when  both  of  these  fiber  properties  are  involved  in  the 
six  fiber-property  equation  (1),  the  respective  contribution  of  length  and 
fineness  towards  the  strength  of  the  tire  cord  is  divided  between  them. 


14/  See  footnote  l/,  p.  6. 
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Fiber  fineness  apparently  contributes  greatly  and  the  negative  regression 
coefficient  for  length  may  be  taken  as  an  offset.    In  other  words,  the 
two  fiber  properties  should  be  considered  as  acting  together  \inder  such 
circumstances.    However,  when  fiber  fineness  is  omitted  from  the  statistical 
analysis,  as  in  equation  (4)  involving  five  fiber  properties,  the  contribu- 
tion of  fineness  is  apparently  borne  by  length  with  which  it  is  correlated. 
Thus,  on  the  basis  of  equation  (4),  it  appears  that  an  increase  of  l/32 
inch  in  upper  quartile  length  increases  the  cord  strength  by  0*07  pound. 
This  increase,  though  small,  is  positive  as  compared  with  "t^e  negative  and 
insignificant  0*007  pound  change  based  on  equation  (1)^  where  all  six  fiber 
properties  are  involved*    When  length  is  omitted  from  the  analysit,  as  in 
equation  (2),  much  less  change  occurs  in  the  regression  coefficient  for 
fineness  than  when  equation  (1)  is  used,  in  which  case  all  six  fiber  proper- 
ties are  included.    However,  when  fiber  strength  is  omitted  from  the 
analysis,  as  in  equation  (7),  both  length  and  fineness  assume  highly  elg- 
nlficant  reles^  particularly  length  in  a  negative  direction. 

The  foregoing  observations  lead  to  the  conclusion  that  regression 
coefficients  with  respect  to  cotton  fiber  quality,  or  to  any  commodity  or 
problem  for  that  matter,  are  often  highly  deceiving,  particularly  if  they 
are  not  carefully  considered  in  connection  with  the  number  of  fiber  proper- 
ties or  Independent  variables  involved,  with  the  magnitude  of  the  constant 
term  ef  the  equation,  and  with  the  nature  and  extent  of  the  interrelations 
and  interactions  that  occur  between  the  various  fiber  properties  or  in- 
dependent variables.    Obviously,  therefore,  almost  any  conclusion  within 
a  considerable  range  may  be  drawn,  the  conclusion  depending  on  the  number 
and  nature  of  the  variables  used  in  the  analysis.    In  this  connection,  it 
is  of  interest  to  note  that,  when  the  constant  term  is  large  and  positive, 
the  regression  coefficients  tend  to  be  relatively  large  and  negative  in 
order  that  the  estimates  may  be  within  the  range  of  the  actual  values. 
The  size  of  the  constant  term,  however,  is  not  an  Independent  or  haphazard 
quantity;  on  the  contrary,  it  is  dependent  upon  the  magnitudes  and  alge- 
braic signs  of  the  regression  coefficients  as  well  as  the  mean  values  of 
the  fiber  properties  or  independent  variables  involved  in  -the  equation. 
In  other  words,  the  constant  term  and  the  regression  coefficients  are 
interrelated  and  not  independent  of  each  other. 

In  view  of  the  fact  that  so  many  different  regression  coefficients 
were  found  for  upper  quartile  length,  some  positive  and  others  negative, 
further  studies  have  been  made  of  the  effect  of  this  fiber  property  by 
analyzing  the  25  shortest  cottons,  the  25  longest  cottons,  and  the  30 
cottons  having  more  or  less  the  same  fiber  strengths,  namely  79  to  80 
thousand  pounds  per  square  inch.    Thus,  the  range  and  frequency  of  the 
magnitudes  of  the  fiber  properties  and  cord  strengths  varied  for  the  three 
series  of  cottons  when  compared  with  each  other  and  with  the  377  duplicate 
lots  of  cotton  included  in  the  entire  series.    The  resulting  equations, 
together  with  equation  (1),  are  as  follows t 
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(1  )  X23  •  16 . 66- .304Xi-. 226X2* •226X3-. 756X4- .011X35  +*179Xg  ♦  .78 
(26)    X23  s    6. 75- .409Xi+6. 505X2- •I7OK3-. 409X4- .032X35  -••.223Xg     ^  .61 

(26)  X23  s  17 ,59-. 128X1-1 .467X2-. 323X3- .68QX4.  +  . 011X35  +.183X0     ^  .69 

(27)  X23  Z  31 .73-. 334X1". 515X2-. 183X3-1 .341X4*. 069X36  -.OeTXg  .75 

Equation  (1)  it  f«r  the  377  lots  of  cottons,  including  all  longths 
and  strengths;  aquation  (25)  reprasents  the  25  shortest  oottons;  aquation 
(26)  refers  to  the  25  longest  cottons,  and  equation  (27)  relates  te  the 
30  cottons  haying  fiber  strengths  of  79  and  80  thousand  pounds  per  square 
inch. 

The  results  derired  from  correlating  tire  cord  strength  with  the 
six  fiber  properties  indicate  that,  for  the  25  shortest  cottons,  upper 
quartile  length  has  a  positive  and  significant  effect  on  cord  strength. 
In  the  case  of  the  longest  cottons,  however,  the  effect  of  upper  quartile 
length  on  cord  strength  is  small,  more  or  less  insignificant,  and  negative. 
For  example,  an  increase  of  l/32  inch  in  the  oase  of  the  group  of  short 
cottons  increases  the  cord  strength  by  0.20  pound,  whereas  aji  increase  of 
1/32  inch  in  the  case  of  the  group  of  long  cottons  decreases  the  cord 
strength  by  0.05  po\ind,  a  negligible  amount.    The  two  equations  differ  con- 
siderably from  each  other  with  respect  to  the  constant  terms  and  the  re- 
gression coefficients  for  grade,  upper  quartile  length,  and  length  varia- 
bility. 

In  equation  (27),  derived  from  analyeing  30  cottons  having  fiber 
strengths  of  79  or  80  thousand  pounds  per  square  inch,  it  is  found  that 
changes  in  cord  strength  naturally  are  the  result  of  differences  in  the 
fiber  properties  other  than  strength,  since  fiber  strength  was  held  practi- 
cally constant  and  thus  had  little  or  no  opportunity  to  influence  the  cord 
strength,  except  as  to  its  effect  upon  the  level  of  the  results  or  on  the 
magnitude  of  the  constant  term.    The  most  interesting  facts  revealed  by 
this  equation,  aside  from  its  confirmation  of  the  lack  of  effect  of  fiber 
strength  on  cord  strength  under  the  condition  imposed,  is  the  large  in- 
crease in  the  magnitude  of  the  constant  term,  the  small  regression  coeffi- 
cient for  the  effect  of  upper  quartile  length,  and  the  unusually  large 
regression  coefficient  for  the  contribution  of  fiber  fineness  towards  tire- 
cord  strength. 

On  a  basis  of  the  coefficients  of  multiple  determination,  appre- 
ciably different  amounts  of  total  variance  in  the  cord  strength  of  the 
several  series  of  selected  oottons  are' accounted  for  by  the  six  fiber  prop- 
erties considered.   With  the  25  shortest  oottons,  79  percent  of  the  total 
cord-strength  variance  is  explainable;  with  the  25  longest  cottons,  90  per- 
cent} and  with  the  30  cottons  having  a  more  or  less  constant  fiber  tehsile 
strength,  only  65  percent.    These  cunounts  of  explainable  tire-cord-strength 
variance  compare  with  85  percent  for  the  entire  series  of  377  duplicate 
cottons,  including  cottons  of  all  lengths  and  strengths. 
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The  foregoing  results  enqphasize  how  inport&nt  it  is  to  have,  for 
studies  of  this  kind,  representative  samples  covering  wide  ranges  of  fiber 
properties;  also,  how  important  it  is  when  conolusions  are  made  with  re- 
spect to  the  importance  of  various  fiber  properties  that  suoh  statements 
be  qualified  by  making  clear  that  they  refer  to  cottons  of  definite  ranges 
and  distributions  of  fiber  properties  and  that  they  hold  only  for  the 
number  and  nature  of  the  fiber  properties  used  in  the  analyses* 

The  25  shortest  cottons  referred  to  in  equation  (25)  gave  a  mean 
tire*cord  strength  of  16,08  pounds  and  the  25  longest  cottons  represented 
by  equation  (26)  furnished  a  mean  tire-cord  strength  of  19.47  pounds,  or 
a  difference  of  5 .39  pounds  between  the  mean  tire-cord  strengths  of  the 
two  groups  of  cottons.    This  difference  is  appreciable,  constituting  19 
percent  of  the  mean  tire-cord  strength  of  the  entire  series  of  377  cottons 
(17.89  pounds). 

The  mean  upper  quartile  length  of  the  25  shortest  oottons  is  0.842 
inch  and  that  of  the  25  longest  oottons  is  1.346  inches,  or  a  difference 
of  0.504  inches  in  the  mean  upper  quartile  lengths  between  the  two  groups 
of  cotton.    Expressed  in  the  conventional  units  of  measure  used  in  the  cot- 
ten  trade,  the  difference  in  length  between  the  two  groups  of  cottons 
amounts  to  16/s2  inch  or  l/2  inch.    This  is  a  relatively  large  length  dif- 
ference insofar  as  cotton  is  conoerned.    Now,  in  the  light  of  this  large 
fiber  length  difference,  it  would  appear  that  length  of  fiber  itself  is 
important  to  the  strength  of  tire  cordj  that  the  factor  of  fiber  length 
alone  should  explain  most,  if  not  all,  of  this  difference  in  tire-cord 
strength;  and  that  the  statistical  data  previously  presented  in  this  paper 
to  the  effect  that  fiber  length  is  unimpprtant  to  tire-cord  strength  are 
in  error. 

More  particularly,  on  a  basis  of  the  figures  cited  above,  it  would 
appear  that,  on  the  average,  an  increase  of  l/52  inch  in  upper  quartile 
length  causes  an  increase  of  0*20  pound  in  tire-cord  strength.    This  is 
not  the  case,  however,  as  the  mean  values  for  the  other  fiber  properties 
maasured  also  differ  appreciably  between  the  two  groups  of  cottons  \mder 
consideration.    Furthermore,  according  to  the  statistical  findings  pre- 
viously presented,  the  effects  of  the  combined  differences  in  the  other 
fiber  properties  associated  with  the  cottons  of  the  two  widely  different 
length  groups  explain  almost  the  entire  difference  in  tire -cord  strength 
found  te  exist  between  them. 

For  convenience  in  following  these  comparisons  and  this  discussion, 
the  mean  values  for  the  measured  fiber  properties  and  for  tire-cord 
strength  are  listed  in  table  8  for  the  25  shortest  and  for  the  25  longest 
cottons,  together  with  corresponding  values  for  the  30  cottons  possessing 
more  or  less  constant  and  average  fiber  strength  (79,000  te  80,000  pounds 
per  sqiiare  inch)  as  well  as  for  the  entire  series  of  377  lets  ef  cotton.  As 
compared  with  the  values  fer  the  25  shortest  cottons,  it  is  evident  that  -tiie 
25  longest  oottons  are,  on  the  average,  0.4  of  a  step  higher  in  grade; 
0.3  percent  more  uniform  in  fiber  length;  finer  by  2.03  micrograms  per  inch 
in  fiber  weight;  5.7  percent  less  in  mature  fibers;  and  stronger  by  6,900 
pounds  per  square  inoh. 
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On  th»  basic  of  the  effect  of  a  unit  change  in  each  neaeured  fiber 
property  on  the  strength  of  tire  oord^  as  shewn  in  table  4«  differences 
in  the  average  fiber  properties  (other  than  length)  of  the  25  shortest 
and  the  26  longest  cottons  account  for  differences  in  cord  strength ,  as 
follows  t 


The  25  longest  cottons  gave  tire  cords  which  averaged  5*39  pounds 
stronger  than  did  the  25  shortest  oottons  •    Ifean  differences  between  the 
5  respective  fiber  properties  of  the  two  groups  of  oottons,  as  shown  above , 
account  for  3*02  pounds.    This  leaves  a  difference  of  only  0,37  pound  in 
tire-cord  strength  between  the  two  groups  of  cottons,  or  II  percent,  that 
is  unexplainable  and  presumably  due  to  fiber  properties  ether  than  those 
considered  in  this  study.    Thus,  it  is  evident  how  cottons  of  longer  staple 
length  can  give  stronger  tire  cord  than  do  shorter  cottons;  how  the  fiber 
properties  associated  with  fiber  length  can  explain  such  differences  in 
tire-oord  strength i  and  how  fiber  length  as  a  property,  by  itself,  does  not 
exert  any  significant  effect  on  tire*cord  strength. 

The  data  and  comparisons  referred  to  above  emphasise  the  uncertain- 
ties and  errors  that  arise  when  interpretations  and  conclusions  are  attempted 
with  respect  te  tire-cord  strengthj^  or  even  yam  strength,  on  the  basis  of 
fiber  length  alone  or  of  any  separate  fiber  property,  when  significant 
interrelationships  exist  between  the  fiber  properties,  as  they  generally  do 
in  the  ease  of  cotton.   A.lthou^  an  increase  in  cotton  fiber  length  has  not 
been  found  to  exert  any  appreciable  effect  on  tire -cord  strength,  as  such, 
it  should  be  emphasised,  nevertheless,  that  the  factor  of  fiber  length  or 
staple  length  is  important  as  a  practical  basis  or  "heaidle**  for  the 
selection  of  oottons  which  have  other  associated  fiber  properties  in  in- 
creasing desirability  and  fdiich  can  give  tire  cords  of  higher  tensile 
strength.    It  should  be  emphasized  moreover,  that  as  a  praotieal  matter, 
fiber  length  as  determined  by  laboratory  methods  and,  more  particularly, 
staple  length  as  designated  by  the  classer  provide  an  essential  basis  for 
the  selection  of  oottons  to  meet  the  requirements  of  specific  roll  settings 
and  drafts  in  manufacturing  organisations . 

At  first  glance,  perhaps,  tiie  disclosure  that  the  length  of  cotton 
fibers  as  such  is  of  little  impprtanee  to  the  strength  of  tire  cord  may  be 
soinewhat  startling,  and  more  particularly  so,  since  the  length  of  staple 
contributes  appreciably  te  the  strength  of  single  yams  and  woven  fabrics 
and  since  it  is  a  factor  of  such  importance  in  determining  the  fineness  of 
count  to  which  a  cotton  can  be  spun.    On  further  reflection,  however,  the 
negligible  effect  found  for  fiber  length  on  tire-cord  strength  is  entirely 
logical  and  in  general  agreement  with  that  which  properly  she.      be  expected. 


Fiber  properties 


Tire-cord  strength,  lbs. 


Coef ,  of  length  variability 
Maturity 

Total 


Fineness 
Strength 
Grade 


1 .53 
1.24 

0.12 
0.07 
0.06 
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By  way  of  explanation,  it  would  seem  that  the  **ply-and  eabled^  ooa-' 
struc.tion  of  tire  cord  givee,  in  effeot,  greater  continuity  t©  the  die- 
continuous  cotton  fibers  composing  it,  and  to  what  amoui^ts  to  longer 
"effective"  fiber  lengths  than  occur  in  the  ease  of  single  cotton  yarns. 
The  net  benefit  of  these  two  "effects"  en  the  strength  of  tire  cord  it  o«»- 
paratiTely  large  and  relatively  greater,  the  shorter  the  upper  quartil« 
length  or  staple  of  the  cotton*   Although  strictly  oomparatiye  data  are  met 
available,  those  at  hand  are  of  interest  as  follows:    The  377  lots  of  tire 
cord  composing  this  series  ranged  in  strength  from  10 ®3  to  21 «4  pounds  and 
averaged  17  »9  pounds  •    The  384  lets  ef  228  single  yarn,  spun  with  respective 
optimum  twists  in  relation  to  staple  length  and  corresponding  approximately 
to  the  238  yarn  spun  with  a  constant  twist  for  the  tire  cord  series^  ranged 
in  skein  strength  from  49  to  142  pounds  and  averaged  95 «8  pounds,  Ihus, 
on  a  basis  of  these  figures,  the  range  of  strength  for  the  tire  cord  is 
59  percent  of  its  mean,  whereas  the  range  of  strength  for  the  yarns  is  97 
percent  of  its  mean*    This  difference  of  38  percent  is  a  relatively  large 
.one,  and  apparently  is  due  to  the  relations  and  effects  mentioned* 

Moreover,  the  concepts  expressed  above  and  the  faots  borne  out  by 
the  statistical  data  here  presented  as  to  the  lack  ef  any  appreciable  im- 
portance of  fiber  length,  per  se,  to  the  strength  of  tire  cord  have  beea 
repeatedly  confirmed  in  eonneroial  praotioe  over  a  period  of  many  years, 
though  perhaps  not  generally  realized  specifically  as  such*    For  example, 
it  need  only  be  recalled  that,  in  the  early  days  of  the  automobile  industry, 
long  staple  American-Egyptian  and  sea  island  cottons  were  used  in  the  manu- 
facture of  tire  cords  and  that  American-Egyptian  cotton  was,  in  fact, 
developed  primarily  for  this  purpose*   With  the  passing  of  time,  however, 
cottons  ef  increasingly  shorter  lengths  have  been  used  suooessfully  in  the 
production  ef  tire  cord*    Now,  even  appreciably  stronger,  better,  and  longer 
wearing  tire  cords  are  made  from  cottons  with  a  staple  length  ef  1-1/32  to 
I-I/b  inches  than  formerly  were  made  out  of  the  extra  long  and  specialty 
staples*    It  is  appreciated,  of  course,  that  improvement  ia  the  quality  and 
character  of  American  upland  ootton  during  the  last  30  years,  as  well  as 
substantial  £»hang@e  ia  design  and  construction  of  tire  cords,  of  tires,  of 
automobiles g  ef  highways,  and  many  other  factors  have  contributed  appre- 
ciably, in  one  way  or  another,  to  this  end* 

In  view  of  the  fact  that  all  of  the  238  single  yarns  used  in  the 
series  of  tire  cord  considered  herein  were  spun  with  a  twist  multiplier  of 
4*00,  according  to  the  Anerioan  Society  for  Testing  Materials  standard 
speoificatioB  for  23/5/3  tire  cord  available  at  that  time,  the  question 
arises  as  to  idiat  effect,  if  any,  the  constant  factor  ef  twist  in  the 
siagle  yarns  may  have  had  oa  the  ebserved  lack  of  a  relationship  between 
upper  quartile  length  and  cord  strength  in  this  instance*    Examining  the 
staple  lengths  for  the  377  duplicate  lots  of  cottons,  it  is  evident  that 
a  wide  range  in  length  was  involved,  insofar  as  American  upland  cotton  is 
concerned,  and  that  much  shorter  cottons  were  included  than  is  the  case 
ia  commercial  praotioe* 
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More  ■peolfloally,  the  oottons  vArled  in  staple  length  from  5/8 
inch  to  I-5/I6  inches^  covered  a  range  of  II/I6  Inch,  and  averaged  3l/32 
inch,    (Grouped  into  class  intervals  of  I/I6  of  an  inch,  the  cottons  were 
distributed  according  to  staple  length  as  follows  1  3/4  inch  and  shorter^ 
2  percent;  I3/I6  inch,  6  percenti  7/8  inch,  16  percent;  I6/I6  inch,  27 
percent;  1  inch,  30  percent;  I-1/I6  inches,  9  percent;  l-l/s  inches,  6 
percent;  and  I-3/I6  inches  and  longer,  4  percent*    The  few  cottons  shorter 
than  3/4  inch  and  longer  than  l*l/4  inches  amounted  to  only  several  tenths 
of  1  percent. 

According  to  the  data  obtained  in  the  laboratories  of  tiie  Cotton 
and  Fiber  Branch,  Office  of  Marketing  Services,  from  the  spinning  eind  test- 
ing of  many  hundreds  of  cottons  over  a  wide  range  of  staple  lengths  for  a 
period  of  srears,  a  twist  multiplier  of  4«0  is  optimum  for  single  yarns  manu- 
factured from  cottons  with  a  staple  length  of  I-I/I6  inches  or  closely 
thereabout.    Thus,  almost  half  of  the  yarns  used  in  these  cords  did,  in 
fact,  possess  close  to  their  optimum  twist.    The  yarns  made  from  the  cottons 
longer  than  I-I/I6  inches,  however,  contained  slightly  more  twist  than  their 
respective  optimum;  nevertheless,  the  excess  twist  was  so  relatively  small 
and  the  cottons  in  this  length  category  were  so  few  in  number  that  such 
could  not  have  appreciably  affected  the  results* 

In  the  case  of  the  yarns  manufactured  from  cottons  shorter  than 
I-I/I6  inches,  they  possessed  less  twist  than  that  representing  their  re- 
spective optimum  and,  obviously,  the  disparity  increased  as  the  staple  length 
became  shorter «    For  example,  the  optimum  twist  multiplier  for  yarns  made  from 
cottons  of  different  staple  lengths  within  this  zone  are  as  follows t    1  inch, 
4.25;  I5/I6  inch,  4^5;  7/8  inch,  4.70;  I3/I6  inch,  5.0;  s/4  inch,  6.36; 
5/8  inch,  5.S5«    Thus,  en  a  basis  of  the  known  yarn-strength- twist  relation- 
ships, the  strength  of  the  single  yarns  spun  from  such  cottons  undoubtedly 
was  proportionally  less  with  decrease  in  staple  length,  as  compared  with 
what  it  would  have  been,  if  the  yarns  had  possessed  their  respective 
optimum  twist.   However,  to  iriiat  extent  the  constant  t^st  of  the  single 
yarns  did  affect  the  cord  strengths,  if  any,  cannot  be  told  from  the  data 
available  from  this  series,  since  no  tests  were  made  bearing  on  this  partic- 
ular factor. 

During  the  10-year  period  intervening  since  the  growth  of  the  cottons 
used  in  this  study,  considerable  improvement  has  been  mde  in  fiber  and 
spinning  quality,  through  the  processes  of  plant  breeding  and  selection. 
A  ntnnber  of  new  or  improved  varieties  are  in  commercial  production  today. 
Substantial  improvements  also  have  been  made,  during  the  same  period,  in 
tire -cord  and  tire  construction  which,  together  with  improved  fiber  quality 
and  more  effective  utili«ation  of  the  fiber  properties,  are  giving  tire 
cords  which  render  appreciably  better  service  performance  than  did  those 
of  former  years.    In  the  light  of  the  foregoing  considerations,  therefore, 
it   would  seem  reasonable  to  expect  that,  if  the  analyses  reported  herein 
were  conducted  with  selected  cottons  out  of  current  production  and  with 
tire  cords  of  modern  construction,  the  results  obtained  perhaps  would  be 
better,  in  a  number  of  particulars,  than  those  found  in  this  study. 
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Opportunities  exist  for  still  further  improvement  in  cotton-fiber 
quality,  in  tire -cord  construction,  and  in  tire  cons  true ti on ♦  However, 
if  the  msaning  of  laboratory  msasurements  of  tire-cord  properties  in  terms 
of  their  relation  to  the  practical  service  performance  and  life  wear  of 
tires  were  better  known  than  they  now  are,  and  if  the  needs  of  manufacturers 
with  respect  to  cotton  fiber  properties  of  tires  were  more  precisely  knows 
than  at  present,  cotton  breeders  and  southern  agriculture  would  be  im  a 
much  stronger  position  for  working  towards  such  goals  and  for  meeting 
those  ootton-quality  requirements.    Today,  as  in  the  p^st,  there  seem  to 
exist  a  number  of  conflicting  views' and  no  little  confusion  about  a  number 
of  important  points  and  practical  problems  with  respect  te  tire  oord*  To 
illustrate!    A  few  years  ago,  tire  cords  of  high  stretch  and  super  twist 
were  in  greatest  favor  with  the  industryi  now,  tire  cords  with  low  stretch 
and  minimum  twist  appear  to  be  desired  by  the  industry*   Which  type  of 
tire  cord  is  better  and  why?  And  how  much  of  this  and  that  of  o^er  proper* 
ties  do  tire  cords  really  need  for  the  best  service  performance  and  life 
wear?    The  answers,  of  course,  are  not  simple  and  easy  te  determine.  On 
the  contrary,  obtaining  adequate  proof  for  the  correct  answers  is  a  hi^ly 
complex  and  difficult  matter.    ISiis  status  suggests  that  the  most  rapid 
and  effective  progress  will  and  can  be  made  along  these  lines  in  the  future, 
only  by  the  closest  possible  *'two«way**  cooperation  between  key  workers  in 
industry  and  agriculture.    In  brief,  this  means  a  free  and  frank  exchange 
ef  viewpoints,  data,  and  oritiolsm,  at  all  times,  on  problems  of  mutual 
interest. 

GRAPHIC  CHARTS 

Scatter  diagrams  have  been  used  extensively  in  the  making  of  inter- 
pretations in  connection  with  this  study,  but  only  a  limited  number  are 
included  in  -tiiis  report.    By  using  the  equations  developed  for  one  or  more 
of  the  fiber  properties  under  consideration,  an  estimated  value  of  tire- 
oord  strength  or  tire-oord  elongation  can  be  obtained  for  each  cotton, 
which  reflects  the  effect  of  the  separate  and  variously  combined  fiber 
properties.    The  estimated  value,  when  plotted  against  its  corresponding 
actual  value,  furnishes  a  picture  of  the  status  of  each  cotton,  and  a  series 
ef  such  plotted  dots  graphically  reveals  what  is  associated  with  a  group  ef 
oottens.    The  vertical  and  horizontal  scales,  being  identical  in  all  charts 
of  a  corresponding  type,  make  possible  direct  and  easy  graphic  comparison 
of  the  precision  of  the  relationships  expressed  by  the  different  equations • 
Thus,  pictorial  comparisons  may  be  made  of  each  segment  of  results  obtained 
throughout  an  entire  series,  even  though  varying  numbers  of  fiber  proper* 
ties  are  included  and  in  spite  of  the  fact  that  various  units  of  measure 
are  necessitated  by        different  tests. 

For  assistance  in  visualising  the  principal  findings  obtained  in 
this  study,  graphic  charts  are  presented  in  figures  1  to  26  as  fellows i 

Figures  1  to  12  show  the  relationships  between  fiber  properties  and 
tire*oord  strength.  If  all  the  dots  plotted  on  such  charts  should  fall  en 
the  45^  line  drawn  in  any  ef  the  graphs,  this  would  indicate  perfect 
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flLgr^diDBnt  between  the  estimated  and  aotuai  Talues  fer  tlre-oord  strength* 
As  plotted 4  therefore^  a  dot  below  the  line  indioates  that  the  strength  of 
the  oord  has  been  overestimated  and  a  dot  above  the  line,  underestimated • 

Figures  13  to  20  illustrate  the  relationships  between  fiber  proper* 
ties  and  tire-oerd  elongation  at  the  10*pound  locul* 

Figures  21  te  23  reveal  the  relationships  between  the  three  pairs 
ef  tire«oord  properties  considered* 

Figures  24  to  26  show  the  relationship  between  each  of  the  three 
tire-cord  properties  and  skein  strength  of  236  singles  yarn* 

No  graphic  charts  aire  presented  for  the  relationships  that  exist 
between  fiber  properties  and  tire-cord  elongation  at  the  point  of  rupture, 
as  the  correlation  results  obtained  with  both  elongation  measures  are 
similar  in  a  number  of  particulars* 
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